S 29* World Congress on Ultrasound
in Obstetrics and Gynecology
12-16 October 2019, Berlin, Germany

Certificate of fetal brain imaging

Suggested reading

Chaoui R, Nicolaides KH. Detecting open spina bifida at the 11-13-week scan by
assessing intracranial translucency and the posterior brain region: mid-sagittal or axial
plane? Ultrasound Obstet Gynecol. 2011 Dec;38(6):609-12. doi:10.1002/uog.10128.
PubMed PMID: 22411445.

Lerman-Sagie T, Prayer D, Stdcklein S, Malinger G. Fetal cerebellar disorders. Handb
Clin Neurol. 2018;155:3-23. doi:10.1016/B978-0-444-64189-2.00001-9. Review: PubMed
PMID: 29891067.

Choudhri AF, Cohen HL, Siddiqui A, Pande V, Blitz AM. Twenty-Five Diagnoses on
Midline Images of the Brain: From Fetus to Child to Adult. Radiographics. 2018 Jan-
Feb;38(1):218-235. doi:10.1148/rg.2018170019. Review. PubMed PMID: 29320328.

Davila I, Moscardo I, Yepez M, Sanz Cortes M. Contemporary Modalities to Image the
Fetal Brain. Clin Obstet Gynecol. 2017 Sep;60(3):656-667.
doi:10.1097/GRF.0000000000000307. PubMed PMID: 28742597.

Jakab A, Pogledic |, Schwartz E, Gruber G, Mitter C, Brugger PC, Langs G, Schopf V,
Kasprian G, Prayer D. Fetal Cerebral Magnetic Resonance Imaging Beyond Morphology.
Semin Ultrasound CT MR. 2015 Dec;36(6):465-75. d0i:10.1053/j.sult.2015.06.003. Epub
2015 Jun 14. Review. PubMed PMID: 26614130.



Ultrasound Obstet Gynecol 20075 29: 109-116

Published online in Wiley InterScience (www.interscience.wiley.com). DOIL: 10.1002/uog.3909

THE INTERNATIONAL SOCIETY OF

Z8 ULTRASOUND

mxxxa in Obstetrics & Gynecology

GUIDELINES

Sonographic examination of the fetal central nervous system:
guidelines for performing the ‘basic examination’ and the

‘fetal neurosonogram’

INTRODUCTION

Central nervous system (CNS) malformations are some of
the most common of all congenital abnormalities. Neural
tube defects are the most frequent CNS malformations and
amount to about 1-2 cases per 1000 births. The incidence
of intracranial abnormalities with an intact neural tube is
uncertain as probably most of these escape detection at
birth and only become manifest in later life. Long-term
follow-up studies suggest however that the incidence may
be as high as one in 100 births!.

Ultrasound has been used for nearly 30 years as the
main modality to help diagnose fetal CNS anomalies. The
scope of these guidelines is to review the technical aspects
of an optimized approach to the evaluation of the fetal
brain in surveys of fetal anatomy, that will be referred
to in this document as a basic examination. Detailed
evaluation of the fetal CNS (fetal neurosonogram) is also
possible but requires specific expertise and sophisticated
ultrasound machines. This type of examination, at
times complemented by three-dimensional ultrasound,
is indicated in pregnancies at increased risk of CNS
anomalies.

In recent years fetal magnetic resonance imaging (MRI)
has emerged as a promising new technique that may add
important information in selected cases and mainly after
20-22 weeks?3, although its advantage over ultrasound
remains debated*>.

GENERAL CONSIDERATIONS

Gestational age

The appearance of the brain and spine changes throughout
gestation. To avoid diagnostic errors, it is important
to be familiar with normal CNS appearances at
different gestational ages. Most efforts to diagnose
neural anomalies are focused around midgestation. Basic
examinations are usually performed around 20 weeks’
gestation.

Copyright © 2007 ISUOG. Published by John Wiley & Sons, Ltd.

Some abnormalities may be visible in the first and early
second trimesters®~!!. Even though these may represent
a minority they usually are severe and deserve therefore
special consideration. It is true that early examination
requires special skills, however, it is always worthwhile to
pay attention to the fetal head and the brain at earlier ages.
The advantage of an early fetal neuroscan at 14-16 weeks
is that the bones are thin and the brain may be evaluated
from almost all angles.

Usually, a satisfying evaluation of the fetal CNS can
always be obtained in the second and third trimesters
of pregnancy. In late gestation, visualization of the
intracranial structures is frequently hampered by the
ossification of the calvarium

Technical factors
Ultrasound transducers

High frequency ultrasound trandsucers increase spatial
resolution but decrease the penetration of the sound
beam. The choice of the optimal transducer and
operating frequency is influenced by a number of
factors including maternal habitus, fetal position and the
approach used. Most basic examinations are satisfactorily
performed with 3-5-MHz transabdominal transducers.
Fetal neurosonography frequently requires transvaginal
examinations that are usually conveniently performed
with transducers between 5 and 10 MHz'>!3 Three-
dimensional ultrasound may facilitate the examination
of the fetal brain and spine!*13.

Imaging parameters

The examination is mostly performed with gray-scale bidi-
mensional ultrasound. Harmonic imaging may enhance
visualization of subtle anatomic details, particularly in
patients who scan poorly. In neurosonographic studies,
Color and power Doppler may be used, mainly to iden-
tify cerebral vessels. Proper adjustment of pulse repetition
frequency (main cerebral arteries have velocities in the
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range of 20—40 cm/s during intrauterine life)'® and signal

persistence enhances visualization of small vessels.

BASIC EXAMINATION

Qualitative evaluation

Transabdominal sonography is the technique of choice
to investigate the fetal CNS during late first, second and
third trimesters of gestation in low risk pregnancies. The
examination should include the evaluation of the fetal
head and spine.

Two axial planes allow visualization of the cerebral
structures relevant to assess the anatomic integrity of the
brain!”. These planes are commonly referred to as the
transventricular plane and the transcerebellar plane. A
third plane, the so-called transthalamic plane, is frequently
added, mostly for the purpose of biometry (Figure 1).
Structures that should be noted in the routine examination
include the lateral ventricles, the cerebellum and cisterna
magna, and cavum septi pellucidi. Head shape and brain
texture should also be noted on these views (Table 1).

The transventricular plane

This plane demonstrates the anterior and posterior
portion of the lateral ventricles. The anterior portion
of the lateral ventricles (frontal or anterior horns) appears
as two comma-shaped fluid filled structures. They have

Figure 1 Axial views of the fetal head. (a) Transventricular plane;
(b) transthalamic plane; (c) transcerebellar plane.

Copyright © 2007 ISUOG. Published by John Wiley & Sons, Ltd.
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Table 1 Structures that are usually noted in a basic ultrasound
examination of the fetal central nervous system

Head shape

Lateral ventricles
Cavum septi pellucidi
Thalami

Cerebellum

Cisterna magna
Spine

a well defined lateral wall and medially are separated by
the cavum septi pellucidi (CSP). The CSP is a fluid filled
cavity between two thin membranes. In late gestation
or the early neonatal period these membranes usually
fuse to become the septum pellucidum. The CSP becomes
visible around 16 weeks and undergoes obliteration near
term gestation. With transabdominal ultrasound, it should
always be visualized between 18 and 37 weeks, or with
a biparietal diameter of 44—88 mm!8. Conversely, failure
to demonstrate the CSP prior to 16 weeks or later than
37 weeks is a normal finding. The value of visualizing
the CSP for identifying cerebral anomalies has been
debated!”. However, this structure is easy to identify
and is obviously altered with many cerebral lesions such
as holoprosencephaly, agenesis of the corpus callosum,
severe hydrocephaly and septo-optic dysplasia'®.

From about 16 weeks the posterior portion of the
lateral ventricles (also referred to as posterior horns)
is in reality a complex formed by the atrium that
continues posteriorly into the occipital horn. The atrium is
characterized by the presence of the glomus of the choroid
plexus, which is brightly echogenic, while the occipital
horn is fluid filled. Particularly in the second trimester of
gestation both the medial and lateral walls of the ventricle
are parallel to the midline and are therefore well depicted
sonographically as bright lines. Under normal conditions
the glomus of the choroid plexus almost completely fills
the cavity of the ventricle at the level of the atrium being
closely apposed to both the medial or lateral walls, but in
some normal cases a small amount of fluid may be present
between the medial wall and the choroid plexus??=23,

In the standard transventricular plane only the
hemisphere on the far side of the transducer is usually
clearly visualized, as the hemisphere close to the
transducer is frequently obscured by artifacts. However,
most severe cerebral lesions are bilateral or associated
with a significant deviation or distortion of the midline
echo, and it has been suggested that in basic examinations
symmetry of the brain is assumed!”.

The transcerebellar plane

This plane is obtained at a slightly lower level than that
of the transventricular plane and with a slight posterior
tilting and includes visualization of the frontal horns of the
lateral ventricles, CSP, thalami, cerebellum and cisterna
magna. The cerebellum appears as a butterfly shaped
structure formed by the round cerebellar hemispheres
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joined in the middle by the slightly more echogenic
cerebellar vermis. The cisterna magna or cisterna
cerebello-medullaris is a fluid filled space posterior to the
cerebellum. It contains thin septations, that are normal
structures and should not be confused with vascular
structures or cystic abnormalities. In the second half of
gestation the depth of the cisterna magna is stable and
should be 2—10 mm!’. Early in gestation the cerebellar
vermis has not completely covered the fourth ventricle,
and this may give the false impression of a defect of
the vermis. In later pregnancy such a finding may raise
the suspicion of a cerebellar abnormality but prior to
20 weeks’ gestation this is usually a normal finding?*.

Transthalamic plane

A third scanning plane, obtained at an intermediate level,
is also frequently used in the sonographic assessment
of the fetal head, and is commonly referred to as the
transthalamic plane or biparietal diameter plane. The
anatomic landmarks include, from anterior to posterior,
the frontal horns of the lateral ventricles, the cavum septi
pellucidi, the thalami and the hippocampal gyruses®’.
Although this plane does not add significant anatomic
information to that obtained from the transventricular
and transcerebellar planes, it is used for biometry of
the fetal head. It has been proposed that, particularly in
late gestation, this section plane is easier to identify and
allows more reproducible measurements than does the

transventricular plane?’.

The fetal spine

The detailed examination of the fetal spine requires
expertise and meticulous scanning, and the results are
heavily dependent upon the fetal position. Therefore,
a full detailed evaluation of the fetal spine from every
projection is not a part of the basic examination. The most
frequent of the severe spinal abnormalities, open spina
bifida, is usually associated with abnormal intracranial
anatomy. However, a longitudinal section of the fetal
spine should always be obtained because it may reveal, at
least in some cases, other spinal malformations including
vertebral abnormalities and sacral agenesis. Under normal
conditions, a longitudinal section of the spine from about
14 weeks’ gestation demonstrates the three ossification
centers of the vertebrae (one inside the body, and one at
the junction between the lamina and pedicle on each side)
that surround the neural canal, and that appear as either
two or three parallel lines depending upon the orientation
of the sound beam. In addition, attempt should be made
to demonstrate the intactness of the skin overlying the
spine either on transverse or longitudinal views.

Quantitative evaluation

Biometry is an essential part of the sonographic
examination of the fetal head. In the second trimester
and third trimester, a standard examination usually

Copyright © 2007 ISUOG. Published by John Wiley & Sons, Ltd.
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includes the measurement of the biparietal diameter, head
circumference and internal diameter of the atrium. Some
also advocate measurement of the transverse cerebellar
diameter and cisterna magna depth.

Biparietal diameter and head circumference are com-
monly used for assessing fetal age and growth and may
also be useful to identify some cerebral anomalies. They
may be measured either in the transventricular plane
or in the transthalamic plane. Different techniques can
be used for measuring the biparietal diameter. Most
frequently the calipers are positioned outside the fetal
calvarium (so called outside to outside measurement)Z®.
However, some of the available charts have been pro-
duced using an outer to inner technique to avoid artifacts
generated by the distal echo of the calvarium?’. The
two approaches result in a difference of a few millime-
ters that may be clinically relevant in early gestation. It
is important therefore to know the technique that was
used while constructing the reference charts that one
uses. If the ultrasound equipment has ellipse measure-
ment capacity, then head circumference can be measured
directly by placing the ellipse around the outside of
the skull bone echoes. Alternatively, the head circum-
ference (HC) can be calculated from biparietal diameter
(BPD) and occipitiofrontal diameter (OFD) by using the
equation HC = 1.62 x (BPD + OFD). The ratio of the
biparietal diameter over the occipitofrontal diameter is
usually 75-85%. Moulding of the fetal head particu-
larly in early gestation is however frequent, and most
fetuses in breech presentation have some degree of dolic-
ocephaly.

Measurement of the atrium is recommended because
several studies suggest that this is the most effective
approach for assessing the integrity of the ventricular
system?2, and ventriculomegaly is a frequent marker of
abnormal cerebral development. Measurement is obtained
at the level of the glomus of the choroid plexus,
perpendicular to the ventricular cavity, positioning the
calipers inside the echoes generated by the lateral walls
(Figure 2). The measurement is stable in the second
and early third trimesters, with a mean diameter of
6-8 mm?%2227 and is considered normal when less than
10 mm?7=32, Most of the biometric studies on the size of
the lateral ventricles have used ultrasound equipment that
provided measurements in millimeters33.

As, with modern equipment, measurements are given
in tenths of millimeters, it is uncertain which is the most
reasonable cut-off value. We believe that particularly at
midgestation a value of 10.0 mm or greater should be
considered suspicious.

The transverse cerebellar diameter increases by about
one millimeter per week of pregnancy between 14 and
21 menstrual weeks. This measurement, along with the
head circumference and the biparietal diameter is helpful
to assess fetal growth. The depth of the cisterna magna
measured between the cerebellar vermis and the internal
side of the occipital bone is usually 2—10 mm3*. With
dolicocephaly, measurements slightly larger than 10 mm
may be encountered.

Ultrasound Obstet Gynecol 20075 29: 109-116.
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(b) +

Figure 2 (a) Measurement of the atrium of the lateral ventricles. The calipers are positioned at the level of the glomus of the choroid plexus,
inside the echoes generated by the ventricular walls; (b) diagram to illustrate correct caliper placement for ventricular measurement. Calipers
are correctly placed touching the inner edge of the ventricle wall at its widest part and aligned perpendicular to the long axis of the ventricle
(YES). Incorrect placements include middle—middle (no!), outer—outer (no?), and placement that is too posterior in the narrower part of the

ventricle or not perpendicular to the ventricle axis (no?).

FETAL NEUROSONOGRAM

It is commonly accepted that dedicated fetal neurosono-
graphy has a much greater diagnostic potential than
that of the standard transabdominal examination, and
is particularly helpful in the evaluation of complex
malformations. However, this examination requires a
grade of expertise that is not available in many
settings and the method is not yet universally used.
Dedicated fetal neurosonography is useful in patients
with an increased risk of CNS anomalies, including
cases in which the basic examination identifies suspicious
findings.

The basis of the neurosonographic examination of
the fetal brain is the multiplanar approach, that is
obtained by aligning the transducer with the sutures
and fontanelles of the fetal head!'?'3. When the fetus
is in vertex presentation, a transabdominal/transvaginal
approach can be used. In fetuses in breech presentation,
a transfundal approach is used, positioning the probe
parallel instead of perpendicular to the abdomen. Vaginal
probes have the advantage of operating at a higher
frequency than do abdominal probes and therefore allow
a greater definition of anatomical details. For this reason,
in some breech presenting fetuses an external cephalic
version may be considered in order to use the transvaginal
approach.

Evaluation of the spine is a part of the neurosono-
graphic examination and is performed using a combina-
tion of axial, coronal and sagittal planes.

The neurosonographic examination should include the
same measurements that are commonly obtained in a basic
examination: the biparietal diameter, head circumference
and the atrium of the lateral ventricles. The specific
measurements obtained may vary also depending upon
the gestational age and the clinical setting.

Copyright © 2007 ISUOG. Published by John Wiley & Sons, Ltd.

Fetal brain

Whether the exam is performed transvaginally or
transabdominally, proper alignment of the probe along
the correct section planes usually requires gentle
manipulation of the fetus. A variety of scanning planes can
be used, also depending upon the position of the fetus!.
A systematic evaluation of the brain usually includes the
visualization of four coronal and three sagittal planes.
In the following, a description of the different structures
that can be imaged in the late second and third trimesters
is reported. Apart from the anatomic structures, fetal
neurosonography should also include evaluation of the
convolutions of the fetal brain that change throughout
gestation3’ 38,

Coronal planes (Figure 3)

The transfrontal plane or Frontal-2 plane. The visual-
ization of this plane is obtained through the anterior
fontanelle and depicts the midline interhemispheric fissure
and the anterior horns of the lateral ventricles on each
side. The plane is rostral to the genu of the corpus cal-
losum and this explains the presence of an uninterrupted
interhemispheric fissure. Other structures observed are the
sphenoidal bone and the ocular orbits.

The transcaudate plane or Mid-coronal-1 plane'?. At
the level of the caudate nuclei, the genu or anterior
portion of the corpus callosum interrupts the continuity
of the interhemispheric fissure. Due to the thickness of
the genu in coronal planes it is observed as a more
echogenic structure than the body of the corpus callosum.
The cavum septi pellucidi is depicted as an anechogenic
triangular structure under the corpus callosum. The lateral
ventricles are found at each side surrounded by the brain
cortex. In a more lateral position the Sylvian fissures are
clearly identified.

Ultrasound Obstet Gynecol 20075 29: 109-116.
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Figure 3 Coronal views of the fetal head. (a) Transfrontal plane; (b) transcaudate plane; (c) transthalamic plane; (d) transcerebellar plane.

CSP, cavum septi pellucidi; THF, interhemispheric fissure.

) . y
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Figure 4 Sagittal planes of the fetal head. (a) Midsagittal plane; (b) parasagittal plane. 3v, third ventricle; 4v, fourth ventricle.

The transthalamic plane or Mid-coronal-2 plane’?.
Both thalami are found in close apposition but in some
cases the third ventricle may be observed in the midline
with the interventricular foramina and the atrium of
the lateral ventricles with the choroid plexus slightly
cranial on each side (Mid-coronal-3 plane). Close to
the cranial base and in the midline the basal cistern
contains the vessels of the circle of Willis and the optic
chiasma.

The transcerebellar plane or Occipital-1 and 2 plane.
This plane is obtained through the posterior fontanels
and enables visualization of the occipital horns of the
lateral ventricles and the interhemispheric fissure. Both
cerebellar hemispheres and the vermis are also seen in this
plane.

Sagittal planes (Figure 4)

Three sagittal planes are usually studied: the midsagittal;
and the parasagittal of each side of the brain.

The midsagittal or median plane'® shows the corpus
callosum with all its components; the cavum septi
pellucidi, and in some cases also the cavum vergae and
cavum veli interpositi, the brain stem, pons, vermis and
posterior fossa. Using color Doppler the anterior cerebral
artery, pericallosal artery with their branches and the vein
of Galen may be seen.

The parasagittal or Oblique plane-1'? depicts the entire
lateral ventricle, the choroid plexus, the periventricular
tissue and the cortex.

Copyright © 2007 ISUOG. Published by John Wiley & Sons, Ltd.

Fetal spine

Three types of scanning planes can be used to evaluate the
integrity of the spine. The choice depends upon the fetal
position. Usually, only two of these scanning planes are
possible in a given case.

In transverse planes or axial planes, the examination
of the spine is a dynamic process performed by sweeping
the transducer along the entire length of the spine and
at the same time keeping in the axial plane of the level
being examined (Figure 5). The vertebrae have different
anatomic configurations at different levels. Fetal thoracic
and lumbar vertebrae have a triangular shape, with the
ossification centers surrounding the neural canal. The first
cervical vertebrae are quadrangular in shape, and sacral
vertebrae are flat.

In sagittal planes the ossification centers of the vertebral
body and posterior arches form two parallel lines that
converge in the sacrum. When the fetus is prone, a
true sagittal section can also be obtained, directing the
ultrasound beam across the unossified spinous process.
This allows imaging of the spinal canal, and of the spinal
cord within it (Figure 6). In the second and third trimesters
of gestation the conus medullaris is usually found at the
level of L.2-1.3%°.

In coronal planes, one, two or three parallel lines are
seen, depending upon the orientation of the sound beam
(Figure 7).

Integrity of the neural canal is inferred by the regular
disposition of the ossification centers of the spine and the
presence of soft tissue covering the spine. If a true sagittal

Ultrasound Obstet Gynecol 20075 29: 109-116.
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Figure 5 Axial views of the fetal spine at different levels. (a) Cervical; (b) thoracic; (c) lumbar; (d) sacral. The arrows point to the three
ossification centers of the vertebrae. Note the intact skin overlying the spine. On images a—c the spinal cord is visible as a hypoechoic ovoid

with central white dot.

S

Figure 6 Sagittal view of the fetal spine at midgestation. Using the
unossified spinous process of the vertebrae as an acoustic window,
the contents of the neural canal are demonstrated. The conus
medullaris is normally positioned at the level of the second lumbar
vertebra (L2).
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section can be obtained, visualizing the conus medullaris
in its normal location further strengthens the diagnosis of
normalcy.

EFFECTIVENESS OF ULTRASOUND
EXAMINATION OF THE FETAL NEURAL
AXIS

In a low risk pregnancy around midgestation, if the
transventricular plane and the transcerebellar plane are
satisfactorily obtained, the head measurements (head
circumference in particular) are within normal limits for
gestational age, the atrial width is less than 10.0 mm and
the cisterna magna width is between 2-10 mm, many
cerebral malformations are excluded, the risk of a CNS
anomaly is exceedingly low and further examinations are
not indicated!”.

Figure 7 Coronal views of the fetal spine. These images were obtained with three-dimensional ultrasound from the same sonographic
volume using different angulations and beam-thicknesses. (a) A thin ultrasound beam is oriented through the bodies of the vertebrae; (b) the
same ultrasound beam is oriented more posteriorly to demonstrate the posterior arches of the vertebrae; (c) a thick ultrasound beam is used

to demonstrate simultaneously the three ossification centers.

Copyright © 2007 ISUOG. Published by John Wiley & Sons, Ltd.
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It is beyond the scope of these guidelines to review
the available literature on the sensitivity of antenatal
ultrasound in the prediction of neural anomalies. Some
studies of low risk patients undergoing basic examinations
have reported sensitivities in excess of 80%*041,
However, these results probably greatly overestimate
the diagnostic potential of the technique. These surveys
had invariably very short follow-up and almost only
included open neural tube defects, whose recognition
was probably facilitated by systematic screening with
maternal serum alphafetoprotein. Diagnostic limitations
of prenatal ultrasound are well documented and occur for

a number of reasons*?. Some even severe anomalies may

be associated with only subtle findings in early gestation*3.

The brain continues to develop in the second half of
gestation and into the neonatal period thus limiting the
detection of anomalies of neuronal proliferation (such as
microcephaly**, tumors* and cortical malformations*?).
Also, some cerebral lesions are not due to faulty
embryological development but represent the consequence
of acquired prenatal or perinatal insults**=#%, Even in
expert hands some types of anomalies may be difficult or
impossible to diagnose in utero, in a proportion that is
yet impossible to determine with precision.
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ABSTRACT INTRODUCTION

Objective While complete agenesis of the corpus callosum
is often suspected on fetal ultrasound due to absence of the
cavum septi pellucidi (CSP), suspicion of partial agenesis
of the corpus callosum (pACC) is a challenge since the
CSP is almost always present. The aim of this study was
to measure the length and width of the CSP and calculate
the length-to-width ratio (CSP ratio), and compare these
between fetuses with pACC and normal fetuses.

Methods In this retrospective case—control study, the
length and width of the CSP were measured in the axial
plane of the fetal head, and the CSP length-to-width
ratio calculated, in 323 normal fetuses and in 20 fetuses
with pACC between 20 and 34 weeks’ gestation. From
the normal population we constructed reference ranges in
relation to biparietal diameter (BPD). For all fetuses we
calculated Z-scores for the CSP ratio.

Results In the normal population, the length and width
of the CSP increased with increasing BPD, while the
CSP ratio decreased. The CSP was short (< 5™ centile)
in 85% (17/20) of fetuses with pACC and wide (> 95
centile) in 65% (13/20). The CSP ratio was small (< 5%
centile) in 95% (19/20) of pACC fetuses, with 16/20
(80%) having a ratio below an empirical cut-off of 1.5.
Analysis of Z-scores showed that fetuses with pACC had
a significantly smaller CSP ratio (P <0.0001) compared
with the normal population.

Conclusions Fetuses with a normal-sized corpus callosum
have a rectangular-shaped CSP, with a CSP ratio> 1.5
in the second half of gestation. Most fetuses with pACC
have an abnormally shaped, wide and short CSP, with a
decreased CSP ratio. This simple ratio has the potential to
identify fetuses at high risk for pACC. Copyright © 2017
ISUOG. Published by John Wiley & Sons Ltd.

Complete agenesis of the corpus callosum (cACC) is
the most common commissural anomaly diagnosed
prenatally’2. In expert hands it is often suspected on
imaging of the axial planes, when the cavum septi
pellucidi (CSP) is absent and additional signs, such
as teardrop-shaped lateral ventricles, are found!~3.
However, in partial agenesis of the corpus callosum
(pACC), often the CSP is present, which makes it difficult
to suspect anomalies of the corpus callosum prenatally*>.
In recent years, there has been increasing interest in the
assessment of changes in the size and shape of the CSP as
a clue to the presence of several fetal anomalies, including
numerical aneuploidies*, 22q11 deletion® and pACC®’.
The aim of the present study, therefore, was to compare
the length and width of the CSP in normal fetuses with
those in fetuses with pACC, and to propose a new, simple
ratio, the CSP ratio (ratio of CSP length to width), for
the identification of fetuses suspected of having pACC.

PATIENTS AND METHODS

This was a retrospective case—control study performed
on stored images from fetuses between 20 and 34 weeks’
gestation. At our centers, the routine comprehensive
scan after 20 weeks attempts to include documentation
of the CSP in the axial plane of the fetal head, as
recommended®, and in addition visualization and mea-
surement of the length of the corpus callosum. The corpus
callosum is visualized either directly, in the midsagittal
plane on two-dimensional (2D) ultrasound with color
Doppler demonstration of the pericallosal artery, or
indirectly, by acquiring a three-dimensional (3D) vol-
ume with multiplanar reconstruction. All examinations
are performed using high-resolution ultrasound equip-
ment (Voluson E8 or Voluson E10 machine, GE Medical
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Figure 1 Axial planes of fetal head showing: (a) measurement of width and length of normal cavum septi pellucidi (CSP) at 23 weeks; and
(b,c,d) cases of partial agenesis of corpus callosum between 23 and 29 weeks of gestation, with typical abnormal shape of CSP, which is

shorter, wider and more square or circular in shape.

Systems, Zipf, Austria) and convex transabdominal
probes (RAB 4-8, RM-6C or RAB6C transducer). All
ultrasound images are stored in an image archiving sys-
tem (Viewpoint®, GE Medical Systems), which allows
offline measurements. As a standard requirement of our
institutions, all patients provided signed informed consent
for the fetal examination and agreed to storage of digi-
tal images for quality control and later data evaluation.
The study included healthy fetuses and fetuses diagnosed
with pACC.

For the normal population, we searched the databases
of both centers over the 2-year period of 2014 and
2015 for cases in which a 2D image of the corpus
callosum with a length measurement was available.
Fetuses with only a reconstructed corpus callosum from a
3D volume were excluded. For evaluation of the CSP, the
fetal head had to be insonated in the transventricular
plane. In this plane, the complete CSP had to be
clearly visible (Figure 1). Additional criteria for inclusion
were singleton pregnancy and gestational age 20+ 0 to
34+ 0weeks of gestation, according to last menstrual
period and confirmed by an early crown-rump length

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.

measurement. The following conditions were criteria
for exclusion: twin pregnancy, fetal growth restriction,
diabetic pregnancy and presence of any intracranial or
extracranial abnormality or chromosomal aberration.

For the pACC population, the databases were searched
for cases with an anomaly of the corpus callosum. Those
with cACC and absent CSP, were excluded. Included
were all cases with pACC and a CSP present (Figure 1).
pACC was defined as interrupted or short corpus
callosum, with anteroposterior length < 5™ centile®1°.
Fetuses with microcephaly, holoprosencephaly or a
thickened but not shortened corpus callosum were
excluded. Only images from the first examination in
which the diagnosis was suspected were considered. When
an anomaly of the corpus callosum is suspected, the
patient is offered transvaginal fetal neurosonography,
fetal magnetic resonance imaging (MRI), a diagnostic
invasive procedure, a second opinion and counseling by
a neuropediatrician. Postnatal records were analyzed in
cases with continuing pregnancy and autopsy reports, if
available, were evaluated in cases in which the patient
opted for termination of pregnancy.

Ultrasound Obstet Gynecol 2017; 50: 336-341.
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Data collection and statistical analysis

In both control and study groups, the following data
were collected: gestational age at examination, biparietal
diameter (BPD, in mm), length of corpus callosum (in
mm), associated intracranial signs, such as colpocephaly,
ventriculomegaly or anomalies, associated extracerebral
anomalies or syndromic conditions, karyotype, if avail-
able, and outcome. Length and width of the CSP (in
mm) were measured on the images stored in the patient
archiving system and the ratio of length to width was
then calculated to obtain the CSP ratio. The width of
the CSP was measured at the level of the middle of the
CSP (Figure 1), as described by Abele et al.*, and not
at its largest point!h12] since some fetuses may have a
triangular-shaped CSP'3. For CSP length, the calipers
were placed on the echogenic borders: the callosal sulcus
anteriorly and the fornix posteriorly (Figure 1). In order
to minimize bias, the final diagnosis was available only
at data evaluation. The examiners measuring the CSP
were, therefore, unaware of the origin of the images, i.e.
whether they were cases or controls. CSP length, width
and ratio were then correlated to BPD and regression
analysis was performed to assess a possible relationship
between length, width, CSP ratio and BPD.
Intraobserver variability was calculated for both opera-
tors by having each operator perform two measurements
in the same image from 30 normal cases, without seeing
the results. Intraobserver agreement was quantified by
calculation of the mean difference between measurement
1 and measurement 2 for both operators and using Bland
and Altman’s 95% limits of agreement (LOA). Interob-
server variability was assessed by comparing for the same
cases the means of the two measurements of Operators 1
and 2 and calculating the mean difference with 95% LOA.
For fetuses with pACC, Z-scores were calculated using the
CSP ratio equation and analyzed by #-test, comparing the
mean values of Z-scores. Analysis was performed using the
statistical packages GraphPad Prism and GraphPad InStat
for Windows (GraphPad Software, San Diego, CA, USA).

RESULTS

The study population included a total of 343 pregnancies:
323 normal fetuses with a normal corpus callosum length
and 20 fetuses with pACC. Detection of pACC was
achieved mainly by routine visualization of the corpus
callosum in the midsagittal plane at a median age of
22 + 2 weeks with a median BPD of 57 (range, 51-75)
mm. Corpus callosum length was, by definition, shorter
in cases of pACC than in normal fetuses, using published
reference ranges’; this was also confirmed after data
evaluation, using our own chart, generated from the
assessment of normal fetuses (Figure 2).

In the normal population, the length of the CSP
increased linearly with increasing head size: CSP length (in
mm) = 0.1258 x BPD (in mm) +2.557 + 1.211 (Figure 3).
The width of the CSP also increased linearly with increas-
ing head size: CSP width (in mm)=0.006738 x BPD

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 2 Individual measurements of corpus callosum (CC) length
in normal fetuses (O), with reference range (median and 5™ and
95t centiles), and in 20 fetuses with partial agenesis of the corpus
callosum (A), in relation to biparietal diameter.

(in mm)+0.2597 £ 0.6269 (Figure 4). The CSP ratio for
the normal population decreased linearly in comparison
to head size: CSP ratio=2.819 — 0.006969 x BPD (in
mm) # 0.3668 (Figure 5).

Of the 20 fetuses with pACC, 17 (85%) had a CSP
length < 5™ centile (Figure 3) and 13 (65%) had a CSP
width > 95 centile (Figure 4) compared with our normal
population. The CSP ratio showed the best predictive
performance, with 19/20 (95%) fetuses < 5™ centile and,
considering an empirical cut-off of 1.5, 16/20 (80%)
of the fetuses had a ratio below this cut-off (Figure5).
Only 8/20 fetuses with pACC had a CSP ratio <1, i.e.
a CSP width larger than its length, the cut-off proposed
by Shen et al.® as being diagnostic of pACC. We did
not observe false-positive cases with a normal, long
corpus callosum and a low CSP ratio. Figure 6 shows the
box-and-whisker plot comparing the CSP ratio Z-scores
of pACC and normal cases; those with pACC had a
significantly smaller CSP ratio (P <0.0001) compared
with the normal population.

The Bland—Altman plot with 95% LOA confirmed
reliable reproducibility and an absence of systematic
error for measurement of CSP width and length and the
CSP ratio. The interobserver reliability was found to be
high, with intraclass correlation coefficients ranging from
0.904 to 0.978.

Evaluation of the 20 individual cases of pACC showed
11 fetuses with an apparently normal brain, although
with a suspected abnormal CSP and anterior complex, as
described by the groups of Guibaud and Vinals'3'4. In the
remaining nine cases, there were associated central ner-
vous system (CNS) findings, some in combination, which
included colpocephaly (17 =135), lissencephaly (7 =2), ven-
triculomegaly >10mm (z=2) and an interhemispheric

Ultrasound Obstet Gynecol 2017; 50: 336-341.
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cyst (n=1). In eight cases, there were associated non-CNS
anomalies, including three chromosomal aberrations, one
fetus with Zellweger syndrome diagnosed postnatally,
three unknown syndromes and one fetus with ventricular
septal defect. There were 13 terminations of pregnancy
and seven live births, with one infant death (the case with
Zellweger syndrome). The remaining six children were
alive and well clinically after 6 months and diagnosis
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Figure 3 Individual measurements of cavum septi pellucidi (CSP)
length in normal fetuses (O), with reference range (median and 5t

and 95™ centiles), and in 20 fetuses with partial agenesis of the

corpus callosum (A), in relation to biparietal diameter.
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Figure 4 Individual measurements of cavum septi pellucidi (CSP)
width in normal fetuses (O), with reference range (median and 5t

and 95 centiles), and in 20 fetuses with partial agenesis of the

corpus callosum (A), in relation to biparietal diameter.
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Figure 5 Individual measurements of length-to-width ratio of
cavum septi pellucidi (CSP) in normal fetuses (O), with reference
range (median and 5™ and 95t centiles), and in 20 fetuses with
partial agenesis of the corpus callosum (A), in relation to biparietal

diameter.
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Figure 6 Box-and-whisker plot of cavum septi pellucidi (CSP) ratio
(length to width) expressed as Z-score in normal fetuses and in
study group of 20 fetuses with partial agenesis of the corpus
callosum (pACC). Boxes and internal lines show median and
interquartile range and whiskers represent range. Fetuses with
pACC had a highly significantly smaller CSP ratio (P < 0.0001)
compared with normal population.
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was confirmed at neonatal neurosonography. Fetal MRI
was performed in 13 cases and confirmed the ultrasound
diagnosis of pACC. The CSP ratio did not differ between
fetuses with and those without CNS anomalies.

DISCUSSION

Visualization of the CSP is part of the International Society
of Ultrasound in Obstetrics and Gynecology guidelines for
the basic evaluation of the CNS (Figure 1a) and is used
as a landmark for identification of the correct axial plane
when measuring the BPD®'5. Absence of the CSP is now
accepted as the main clue for suspicion of cACC, together
with other signs in the axial plane of the fetal head, such
as a teardrop configuration of the lateral ventricles, wide
interhemispheric fissure and, occasionally, borderline
ventriculomegaly and a dilated third ventricle!®. The
diagnosis is then confirmed in the midsagittal and coronal
views in the context of a fetal neurosonogram!> =17, While,
in most cases, the signs suggesting cACC are well known
and the detection rate in experienced hands is high!®,
detection of pACC is, according to Ghi et al., ‘extremely
difficult because the corpus callosum is detectable and the
axial view of the fetal head is often unremarkable’'®. Our
data show, however, that the measurements of CSP length
(Figure 3) and width (Figure4), and the length-to-width
ratio (i.e. CSP ratio) (Figure 5), are important hints with
the potential to improve the antenatal detection of pACC.

Herrera et al.” reported on the increased width of the
CSP in 26 fetuses, in 19 (73%) of which there was dysgen-
esis of the corpus callosum. In a study published recently in
this Journal, on fetuses with pACC, Shen e al. found that
a new hint for pACC was an abnormal, wide CSP, with
‘its width larger than its length’®. Our study on 20 fetuses
with pACC support these observations, showing, in the
majority of cases, an abnormal size and shape of the CSP,
visualized in the axial view of the fetal head (Figure 1b—d).
We found that the CSP was wide in 13 (65%) and short
in 17 (85%) of the 20 cases, and the CSP length-to-width
ratio was below the reference range in all except one case
(19/20, 95%). We believe that the shape and size of the
CSP in the axial plane of the fetal head are simple hints for
suspicion of an abnormal corpus callosum, which can be
confirmed or excluded on visualization and measurement
of the corpus callosum itself in the midsagittal view. We
found the sign reported by Shen et al.®, of a CSP wider
than it is longer, corresponding to a ratio < 1, in only eight
(40%) of our 20 cases. Interestingly, this rate of 40% with
a CSP ratio <1 is similar to the 34% rate of abnormal
CSP reported by Shen et al.®, while the remaining 66%
of their 56 pACC cases were described as being ‘normal’.
We hope that an improved detection rate of pACC can be
achieved by observation of the associated abnormal shape
of the CSP and its objective quantification using the CSP
ratio. In all suspicious cases, the examiner should obtain
a midsagittal view of the corpus callosum to confirm or
exclude its abnormal size and appearance. pACC with
absence of a CSP has been reported with various different
frequencies, including 10%'%, 16%'® and 21%°9. In our

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.
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study, we excluded a priori fetuses with pACC in which
the CSP was not visualized, as the study focused on the
dimensions of the CSP.

It is important to discuss the technique and the level
at which CSP is measured, since incorrect measurement
may lead to false positives or false negatives with regard
to suspicion of pACC. We measured the width of the
CSP at the middle, similar to the reported measurements
of Abele et al.*, so our charts are comparable to theirs.
In two other studies reporting on normal values, the
measurements were obtained at the largest part!’>12,
which increases the confidence interval. It should be
borne in mind that the shape of the CSP is variable
between fetuses; a recent evaluation showed that in the
transventricular plane, the CSP had a square form in 73 %
of the normal cases and a triangular form, with anterior
base, in 27%'3. We think that measuring the CSP at
the largest part may increase the rate of false-positive
diagnosis in normal cases. Interestingly, we found that
all except one case in our study had a CSP that was more
circular than triangular in shape, so we believe the best
level at which to measure its width is the middle.

pACC is diagnosed more frequently in postnatal life
than prenatally due to its high association with neurode-
velopmental delay>?°. However, these studies may have
been affected by selection bias, since they included mainly
patients with neurological findings. Several prenatal stud-
ies have reported similar neurodevelopmental outcome
in fetuses with pACC and those with cACC, with delay
in about 25-30% of cases; however, there was a lack
of long-term follow-up of the surviving children!$1%-21-22,
The high rate of termination reflects the strong association
of both forms of callosal anomaly with other structural
defects and chromosomal or genetic anomalies®!.

A strength of our study is that we have proposed refer-
ence ranges for the CSP width, length and length-to-width
ratio, in fetuses with a confirmed normal length and
shape of the corpus callosum, and we showed that the
majority of fetuses with pACC had abnormal values,
particularly of the CSP ratio.

Our study has, however, limitations, especially its
retrospective nature and the lack of complete long-term
follow-up of the survivors. Another limitation is that it
is unknown whether normal fetuses, with a normal-sized
corpus callosum, can have a low CSP ratio, a question
regarding false positives which can only be assessed in a
longitudinal prospective study.

In conclusion, we have shown that evaluation of the
CSP in a basic screening examination should include
determination not only of its presence or absence but
also its shape. An abnormal length-to-width ratio of the
CSP, which can be quantified easily, is a simple hint for
the possible presence of pACC and should lead to direct
insonation of the corpus callosum in the midsagittal view.
However, prospective studies are needed in order to show
the feasibility of applying this ratio in clinical practice,
for the detection of pACC as well as other callosal
anomalies.

Ultrasound Obstet Gynecol 2017; 50: 336-341.
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ISUOG Practice Guidelines: performance of fetal magnetic

resonance imaging

Clinical Standards Committee

The International Society of Ultrasound in Obstetrics
and Gynecology (ISUOG) is a scientific organization that
encourages sound clinical practice, and high-quality teach-
ing and research related to diagnostic imaging in women’s
healthcare. The ISUOG Clinical Standards Committee
(CSC) has a remit to develop Practice Guidelines and Con-
sensus Statements as educational recommendations that
provide healthcare practitioners with a consensus-based
approach, from experts, for diagnostic imaging. They are
intended to reflect what is considered by ISUOG to be
the best practice at the time at which they are issued.
Although ISUOG has made every effort to ensure that
Guidelines are accurate when issued, neither the Society
nor any of its employees or members accepts any liability
for the consequences of any inaccurate or misleading data,
opinions or statements issued by the CSC. The ISUOG
CSC documents are not intended to establish a legal stan-
dard of care because interpretation of the evidence that
underpins the Guidelines may be influenced by indivi-
dual circumstances, local protocol and available
resources. Approved Guidelines can be distributed freely
with the permission of ISUOG (info@isuog.org).

These guidelines are based on consensus reached
between participants following a survey of current
practices, conducted by ISUOG in 2014 (Appendix S1).

INTRODUCTION

Fetal magnetic resonance imaging (MRI) is an important
diagnostic imaging adjunct to ultrasonography!, partic-
ularly for the assessment of fetal brain development?.
A survey conducted by ISUOG in 2014 (Appendix S1),
in which 60 international perinatal centers participated,
showed that fetal MRI is being performed in one or
more centers in at least 27 countries worldwide. How-
ever, the quality of imaging, sequences used and operator
experience appear to differ widely between centers?.

The impact of such differences should be reduced by
development of guidelines to define better the role of
fetal MRI in relation to prenatal diagnostic ultrasound.
The aim of this document is to provide information on
state-of-the-art fetal MRI for those performing the exam-
ination, as well as for clinicians interpreting the results.

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.

What is the purpose of fetal MRI?

The purpose of fetal MRI is to complement an expert
ultrasound examination*’, either by confirmation of
the ultrasound findings or through the acquisition of
additional information®. MRI is not currently used as
a primary screening tool in prenatal care, although
standardized and complete assessment of the fetal
anatomy is probably feasible. Figure 1 presents the survey
participants’ opinions regarding indications for which
MRI can provide useful information.

Is fetal MRI a safe procedure?

MRI is not associated with known adverse fetal effects at
any point in pregnancy, when performed without admini-
stration of contrast media’. There are no reported adverse
effects of MRI performed at 1.5 Tesla (1.5 T)8. However,
there have been no human studies of possible adverse
effects at higher field strength, such as 3.0 T”->19_ although
recent data show that it may be safe in a porcine model'!.

Under which circumstances should fetal MRI be
performed?

There is general consensus that fetal MRI is indicated
following an expert ultrasound examination in which
the diagnostic information about an abnormality is
incomplete. Under these circumstances, MRI may provide
important information that may confirm or complement
the ultrasound findings and alter or modify patient
management.

Presently, factors influencing the decision to perform
fetal MRI include, but are not limited to: experi-
ence/equipment of the ultrasound and MRI facilities,
accessibility to MRI, maternal conditions, gestational age,
safety concerns, legal consideration regarding termination
of pregnancy (TOP) and parental wishes after appropriate
counseling®1%:12,13,

The ISUOG survey addressed the necessity of MRI for
selected indications and used a 7-point rating scale to
weight the responses from 0 (not at all indicated) to 7
(definitely indicated) (Figure 1). The variety of responses
is likely to reflect the divergence seen between various
specialties and the spectrum of pathologies seen at each

ISUOG GUIDELINES
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Figure 1 Results of ISUOG survey on indications for fetal magnetic resonance imaging (MRI), rated on a scale from 0 (fetal MRI not at all
indicated) to 7 (definitely an indication for fetal MRI). *History of abnormality in previous pregnancy or in family member, with normal
ultrasound (US) findings in current pregnancy. TTTS, twin—twin transfusion syndrome; VM, ventriculomegaly.

Table 1 The multidisciplinary team: proposed participants and their role in performing fetal magnetic resonance imaging (MRI)

Participant

Role

Obstetrician, radiologist

Radiologist, obstetrician

Multidisciplinary team when available/necessary: obstetrician,
pediatric radiologist or neuroradiologist, pediatric
neurologist, geneticist, other pediatric subspecialist, social
worker, psychologist

Performs sonographic/neurosonographic examination; provides
information to parent(s) regarding findings and possible
diagnoses; provides counseling; indicates need for fetal MRI

Available during MRI examination for acquisition of
appropriate planes and changes of protocol as needed;
interpretation and reporting of findings; provides counseling

Provides counseling and recommendations based on
neurosonography, MRI, genetic findings, laboratory findings
and/or family history

center. The opinions may also reflect different levels of
experience when performing fetal ultrasound and MRL

In general, performance of an ultrasound examination
following only the minimum recommendations for
second-trimester ultrasound/basic brain examination, as
proposed by ISUOG?, is insufficient prior to requesting
MRI. Additional views, such as orthogonal views,
higher frequency probes and/or transvaginal imaging are
required to detail the specific abnormality!®13.

The practice of TOP and associated medicolegal
implications may influence the use of fetal MRI at local
institutions. In countries in which the decision about TOP
has to be made before 24 weeks, the performance of
MRI prior to this time may help an individual couple
decide on the future of their pregnancy; however, in
general, MRI is better reserved for later in the second
or third trimester'3. Although available data are still
inconclusive, MRI for parental reassurance regarding
the absence of associated pathologies in fetuses with
apparently isolated conditions may be recommended

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.

in fetuses with isolated ventriculomegaly'®, agenesis of
the corpus callosum!”, absent septum pellucidum and
cerebellar or vermian anomalies!'8. In addition, fetal MRI
has been found to be helpful in monochorionic twin
pregnancies after iatrogenic or natural demise of a cotwin
to find pathological changes in the surviving twin!%2,

At what gestational age should fetal MRI be
performed?

Fetal MRI performed before 18 weeks does not
usually provide information additional to that obtained
on ultrasound examination. In some cases, additional
information can be obtained before 22 weeks'? but
MRI becomes increasingly helpful thereafter. Specific
examples of pathologies that can be evaluated in the
third trimester include, but are not limited to, those of
cortical development and neck masses that may cause
airway compromise’!. Most organs can be visualized in
detail between 26 and 32 weeks of pregnancy, when
pathologies related to abnormal development are more

Ultrasound Obstet Gynecol 2017; 49: 671-680.



ISUOG Guidelines

A book (5.2%)

Three chapters or reviews | (4 g0,

19

10 papers (32.8%)

19

Five papers (32.8%)

13
(22.4%)

No publication necessary

I I I I
0 S 10 15 20

Survey count (7)

Figure 2 Results of ISUOG survey regarding how much an
institution should have published in the field of fetal magnetic
resonance imaging in order to qualify as a teaching center.

fully evolved, but each pregnancy and each fetus will
differ. It may become more difficult for the woman to stay
comfortable in the scanner with advancing gestation and
consideration of left-lateral offset is recommended.

Who should perform fetal MRI?

When indicated, performed properly and interpreted
correctly, MRI not only contributes to diagnosis but may
be an important component of treatment choice, delivery
planning and counseling. Practitioners who interpret fetal
MRI should be familiar with fetal diagnosis, as it differs
from diagnosis in other patient populations. Choice of
appropriate protocols and techniques requires extensive
training; thus, the performance of fetal MRI should be
limited to individuals with specific training and expertise.
The same applies to interpretation of the examination.
In many centers this will require a multispecialty collabo-
rative approach, including experts in the field of prenatal
diagnosis, perinatology, neonatology, pediatric neurology
and neuroradiology, genetics and other related specialties
(Table 1), in order to integrate the clinical and family his-
tories and the ultrasound and MRI findings, to optimize
patient care. Consultation with a geneticist and other
pediatric subspecialists may be required in order to pro-
vide the patient with the best counseling and management
options.

673

Where should a practitioner train for fetal MRI?

Although at present we are unaware of the existence of
a recognized fetal MRI specialization, individuals who
perform fetal MRI should have undergone specialized
training in collaboration with a teaching center, enabling
them to perform a state-of-the-art fetal MRI examination
after a sufficient amount of cases (GOOD PRACTICE
POINT; i.e. recommended best practice based on the
clinical experience of the guideline development group).
A teaching center is defined as an institution that is
able to teach students, physicians and radiographers/
technologists skillful performance of fetal MRI. In order
to qualify as a teaching center certain requirements

should be fulfilled, which include:

1. multidisciplinary specialists working in the field,
including, but not limited to, fetomaternal specialists,
radiologists and obstetricians;

2. institutional experience, with at least 500 fetal MRIs
and at least two examinations performed per week;

3. publication of scientific papers or reference material
in this field (Figure 2).

RECOMMENDATIONS

Performance of fetal MRI according to standardized
criteria (Table2) will improve the management of
pregnancies complicated by a fetal malformation or
acquired condition (GOOD PRACTICE POINT).

How should fetal MRI be performed?
Field strength

At present, 1.5T is the most commonly used field
strength, providing acceptable resolution even as early
as 18 weeks??. 3T has the potential to provide images
with higher resolution and better signal-to-noise ratio
than does 1.5 T, while maintaining a comparable or lower
energy deposition??. Nonetheless, higher field strength is
currently not recommended for in-vivo fetal imaging!®.

Course of examination

1. Exclude contraindications for MRI?2.

Table 2 Steps in performance of fetal magnetic resonance imaging (MRI)

Indication
Counseling of pregnant
woman

Dependent on quality of previous ultrasound examinations, clinical question and gestational age
Explanation of indication, performance, expected outcome and consequences of the procedure, information
about the possibility of an accompanying person, discussion with respect to contraindications and

claustrophobia and sedative drug prescription if necessary

Prerequisites for MRI unit

Written referral with clear indication of clinical question(s), ultrasound report and images (if possible),

gestational age confirmed/determined by first-trimester ultrasound

At the MRI unit

Clarification of possible contraindications, comfortable positioning of woman (either supine or lateral

decubitus position), adequate coil positioning, performance of examination according to pertinent

protocol
After examination

Inform patient about when the report will be ready; in the case of immediate consequences resulting from

MRI examination, information regarding results should be provided promptly to the referring physician

Storage of images, report

Electronic storage of images, analysis of images, structured reporting (Table 3)

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 3 Coronal, axial and sagittal (left to right) T2-weighted fast (turbo) spin-echo sequences (with long echo time) of normal fetal brain
at21+0 (a), 28 +1 (b) and 31 +1 (c) weeks.

Figure 4 Axial T2-weighted fast (turbo) spin-echo sequences in a normal 39 + 4-week fetus showing how a shorter echo time (TE) gives
greater detail of the fetal body: (a) TE =80 ms; (b) TE = 140 ms.

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2017; 49: 671-680.
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Figure 5 T2-weighted contrast is the mainstay of fetal magnetic resonance imaging (MRI). Other sequences include: T1-weighted MRI (a,b),
used here in normal fetuses at 27 + 1 (a) and 38 + 3 (b) weeks of gestation, showing hyperintensity of the thyroid gland and meconium-filled
bowel loops; single-shot high-resolution gradient echo echoplanar sequences, seen here in coronal (c), axial (d) and sagittal (e) planes in a
22 + 6-week fetus with an intracranial hemorrhage, showing hypointense blood-breakdown products; and magnetic resonance cholangio-
pancreatography sequence (40 mm thick), used here in a 24 + 4-week fetus with a cardiac malformation (not shown) (f) and a 20 + 1-week
fetus with genu recurvatum (g), which allows detection of proportions and positions of hands and feet.

2.
3.

Obtain informed consent from the pregnant woman.
Note gestational age, ideally as assessed by
first-trimester ultrasound?®, and pertinent prior clini-
cal assessment and ultrasound findings.

. Consider using sedation to reduce fetal movements

and/or artifacts, and in anxious or claustrophobic
patients.

Place the patient on the table in a comfortable
position?*,

In some cases, and according to the safety regulations
at the particular institution, consider accommodation

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.

of an accompanying person in the examination

room?.

. Acquire localizer sequences.

Ensure correct coil placement, with first organ of
interest in the center of the coil; plan for next
sequences.

. Assess the primary organ of interest.
. When indicated, proceed to perform a complete

examination of the whole fetus and the extrafetal
structures (including umbilical cord, placenta and
maternal cervix).

Ultrasound Obstet Gynecol 2017; 49: 671-680.
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Figure 6 Sagittal T2-weighted magnetic resonance image of a
normal 21 + S-week fetus, showing the profile with intact palate.

11. Inform referring physician expeditiously if a condition
becomes apparent that needs rapid intervention, such
as suspected placental abruption or hypoxic ischemic
fetal brain injury.

Choice of sequences

1. T2-weighted contrast is the mainstay of fetal MRI
and is usually achieved using T2-weighted fast (turbo)
spin-echo (SE) or steady-state free-precession (SSFP)
sequences. Fast (turbo) SE sequences with long echo
time (TE) should be used in imaging of the fetal
brain (Figure 3). A shorter TE gives more contrast in
the fetal body (Figure4). SSFP sequences provide T2
information in moving fetuses and allow, for instance,
the differentiation of vessels from solid tissue?®.

2. T1-weighted contrast is acquired by the use of
two-dimensional gradient echo (GRE) sequences at
1.5T. An average duration of 15s permits perfor-

ISUOG Guidelines

mance during a maternal breath-hold, which facilitates
the acquisition of images that are free from movement
artifacts?”. T1-weighted contrast identifies methemo-
globin in subacute hemorrhage, calcification, glands
and meconium?’ (Figure Sa,b).

3. Single-shot high-resolution (SSH) GRE echoplanar
(EP) sequences are used to visualize bony structures,
calcification and the breakdown products of blood,
such as deoxyhemoglobin, which suggests a recent
bleed, or hemosiderin, which represents an older
hemorrhage?® (Figure Sc—e).

4. Optional sequences include: diffusion-weighted imag-
ing, diffusion tensor imaging, dynamic SSFP sequences
and SSH magnetic resonance cholangiopancreatogra-
phy sequences, which supply three-dimensional-like
images (Figure 5f,g).

In all cases, the field-of-view should be adjusted to
the region of interest. A slice thickness of 3-5mm
with a 10-15% intersection gap will be appropriate in
most cases. The examination should include at least T2
information in three orthogonal planes of the fetal brain
and body, and T1- and GRE-EP sequences in one or two
planes, preferably frontal and sagittal.

This ‘minimum’ protocol should be executable in
less than 30min, even allowing for fetal movement
and sequence repetition. Only examinations that are
performed following this protocol should be regarded
as ‘state of the art’ (GOOD PRACTICE POINT).

Standardized planes for fetal brain examination

1. Sagittal sections through the head, including a
mid-sagittal plane depicting the corpus callosum,
aqueduct and pituitary.

2. Coronal sections parallel to the brainstem with
symmetrical visualization of the inner ear structures.

3. Axial sections, perpendicular to the sagittal sections,
parallel to the course of the corpus callosum (or
skull base in the case of absence of the corpus
callosum), with lateral symmetry adjusted according
to the coronal sections.

Table 3 Structured report for detailed fetal magnetic resonance imaging examination

Method

Imaging conditions (e.g. degradation by fetal movement, maternal obesity, premature

termination of examination), field strength, coil, sequences, planes

Head
Brain

Profile, hard and soft palate (Figure 6), skull, ocular measurements
Age-related sulcation and gyration, lamination of brain parenchyma (after 30 weeks: myelination

and premyelination), ventricular system, cerebellum, midline structures and width of
cerebrospinal fluid spaces (Figure 3)

Chest
Abdomen

Configuration of thorax, lung signals, gross regularity of heart (not examined in detail) (Figure 7a,b)
Fetal situs, stomach and gallbladder (fluid filling), fluid and meconium signals of bowels

(Figure 7¢,d), kidneys, urinary bladder (fluid filling); on request: female/male external genitals (in
case of latter: descent of testes) (Figure 8)

Extrafetal structures

Umbilical cord (number of vessels), amount of amniotic fluid, position and characteristics of

placenta, cervical length (Figure 9) only if substantially shortened

Skeleton (when examined)

Course and completeness of spine, shape, length and position of bones, fingers and toes (not always

possible to assess, especially in presence of minimal amniotic fluid, i.e. after 32-35 weeks)

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 7 Magnetic resonance imaging (MRI) of normal fetal chest (a,b) and abdomen (c,d). (a) Axial T2-weighted MRI in a 34 + 2-week
fetus, showing normally shaped thorax and lungs with age-matched regular signals; (b) coronal image at 35 + 3 weeks, showing additionally
parts of liver, kidneys and adrenal gland on right side. (c) Coronal T2-weighted MRI in a 32 + 2-week fetus, displaying fluid-filled stomach
and bowel loops; (d) sagittal steady-state free-precession image in a 35 + 6-week fetus, showing in addition the fluid-filled urinary bladder.
Note hyperintensity of the heart in (d), in contrast to T2-weighted image (c).

Standardized planes for fetal body examination

These are more difficult to achieve, as the fetus is usually
in a position that will not allow strictly orthogonal
placement of slices.

1. Sagittal sections can be achieved by placing the middle
slice through the thoracic spine and the umbilical cord
insertion.

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.

2. Coronal sections have to be adjusted to the course of
the spine (parallel to the thoracic spine and the frontal
body wall at the level of the abdomen).

3. Axial slices should be perpendicular to the long axis
of the spine at the level of the region of interest.
To perform lung volumetry, for instance, the axial
sections should be perpendicular to the thoracic
spine.

Ultrasound Obstet Gynecol 2017; 49: 671-680.
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Figure 8 T2-weighted sagittal (a) and axial (b) magnetic resonance images in a normal 31 + 1-week female fetus, showing external genitalia.
Steady-state free-precession sagittal (c) and axial (d) images in a 35 + 1-week male fetus with descended testes and hydrocele, in this case as a

consequence of a liver tumor.

Although usually measurements will already have been
made with ultrasound, measuring certain structures at
the MRI examination may be of benefit in particular
cases'2. When measuring fluid-containing structures, it
is important to remember that MRI measurements are
usually around 10% greater than the corresponding
ultrasound measurements. In lung volumetry, normal
gestational-age related MRI measurements correlate with
fetal body volume?® and are considered predictive of
outcome in cases of lung pathology3°.

Storage of magnetic resonance images

The whole examination should be stored according to
local practice, preferably in electronic format. CDs of the
examinations can be produced for the patient to enable
second-opinion assessment (GOOD PRACTICE POINT).

Reporting

Two types of examination should be distinguished clearly
and identified in the report:

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.

1. A targeted examination, which looks only for a certain
category of fetal anomaly. The aim is to target a
specific organ or address a particular question and not
to evaluate the entire fetus.

2. A detailed examination, which includes a standardized
evaluation of the whole fetal anatomy in a simi-
lar way to that described by the ISUOG guidelines®
for second-trimester ultrasound (or other locally used
guidelines) (Table 3). This examination may include
structures less amenable to MRI than to ultrasound
examination, for example cardiac structures. Extrafe-
tal structures, such as the umbilical cord, placenta
and cervix, and the amniotic fluid (amount and sig-
nal intensity), should be described when indicated
clinically. Structures not sought routinely in these
examinations need to be indicated clearly in the
report.

Standardized reports should follow the suggested struc-
ture outlined in Table 3 (GOOD PRACTICE POINT).

Ultrasound Obstet Gynecol 2017; 49: 671-680.



ISUOG Guidelines

Figure 9 T2-weighted sagittal magnetic resonance image through
maternal abdomen, showing normal cervix at 33 weeks’ gestation.

As MRI is usually not a first-line examination, but
a complementary examination following an ultrasound
examination performed in the second trimester’!, the
emphasis of the examination and report should be
on structures that are more difficult to assess with
ultrasound. A detailed anatomical assessment may be
performed on demand.
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Editorial

Inferior vermian hypoplasia —
preconception, misconception

ASHLEY J. ROBINSON

Department of Radiology, Children’s Hospital of British
Columbia, 4480 Oak Street, Vancouver V6H 3V4, Canada
(e-mail: ash@radiologist.net)

Introduction

There is considerable confusion in the literature regarding
the terminology used when describing abnormalities of the
cerebellum and of the vermis in particular. Terminology
such as ‘closure of the fourth ventricle’, ‘craniocaudal
growth of the vermis’ and ‘inferior vermian hypoplasia’,
as well as the numbering (using Roman numerals) of the
cerebellar lobules from anterior to posterior, has left us
with the preconception and misconception that the vermis
grows from superior to inferior, and that partial agenesis
or hypoplasia always involves the inferior lobules. In light
of recent advances in our understanding of the embryology
of the cerebellum and cisterna magna, certain terminology
and concepts can be demonstrated to be incorrect and
should be abandoned.

This Editorial reviews the normal development of the
cerebellum, describing and dispelling several misconcep-
tions regarding both normal and abnormal cerebellar
development, with specific reference to the cerebellar
vermis. Examples of cerebellar and vermian anatomy
at pathology, in-vitro and in-vivo fetal magnetic reso-
nance imaging (MRI) and pre- and postnatal imaging
are reviewed and correlated with cerebellar embryology,
phylogeny, somatotopic mapping and functional MRI.
The evidence indicates that the cerebellar vermis develops
more in a ventral to dorsal direction than in a supe-
rior to inferior one and, therefore, that the concept of
‘inferior vermian hypoplasia’ is incorrect. Three possi-
ble categories of vermian anomaly are seen: it may not
necessarily be the inferior vermis that is hypoplastic; it
may not only be the inferior vermis that is hypoplastic;
or it may not be vermian hypoplasia at all. The term
‘inferior vermian hypoplasia’ should only be used if it
can be proved that only the inferior vermis is abnor-
mal. There is no generic term which encompasses all the
various etiologies that can cause a small vermis; thus,
more appropriate terminology may be ‘vermian hypopla-
sia’ or ‘vermian dysplasia’, with ‘neovermian hypoplasia’
in cases in which the central lobules are proved to be
abnormal.

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.

Embryology of the posterior fossa
The neural tube

The neural tube develops, during the 374 and 4™ weeks of
embryogenesis, as a longitudinal groove along the dorsal
layer of the trilaminar germ cell disc'. This groove deepens
until its edges meet and fuse over the top, forming a hollow
tube, which closes off at the cranial and caudal ends on
days 25 and 28, respectively. The cranial end of the
neural tube differentiates into three distinct regions: the
prosencephalon, caudal to this the mesencephalon, and
even more caudally the rhombencephalon, each enclosing
a brain vesicle containing amniotic fluid initially. The
rhombencephalon segments into eight rhombomeres. The
future cerebellum originates in the alar plate of the
most rostral adjacent pair of these rhombomeres; namely,
rhombomeres 1 and 2%. Several genes (Otx, Gbx, FGF,
Hox)? play a role in the formation and function of the
isthmic organizer at the junction of the mesencephalon
and rhombomere 1, which in turn regulates cerebellar
development through release of hormonal factors*~°.
The more caudal rhombomere 2 gives rise to the
germinal matrix of the ventricular zone, which forms
the deep cerebellar nuclei (fastigial, globose, emboliform
and dentate from medial to lateral) and the Purkinje
cell layer. The more rostral rhombomere 1 gives rise
to the germinal matrix of the rhombic lips. Initially, this
forms the external granular layer of the cerebellum, which
subsequently migrates deeper to form the internal granular
layer, a process which is completed by approximately 2
years postnatally.

The cerebellar vermis per se is not formed through
fusion of the adjacent developing cerebellar hemispheres
but develops as a direct proliferation of the mesial pri-
mordium, starting in the 5™ week of gestation”-8. Exper-
imental evidence shows us that granule cells arising from
the lateral upper rhombic lip migrate medially into the
posterior cerebellum, whereas granule cells arising in the
medial upper rhombic lip are confined to an anterior cere-
bellar distribution (Figure S1)%. Therefore, as the primor-
dia are separate, the development of the posterior vermis
is not dependent on that of the anterior vermis. This is evi-
dent in the case of rhombencephalosynapsis, in which the
posterior vermis and most inferior lobule (nodulus (X))
can be preserved in the absence of the anterior lobe of
the vermis”!. Thus, vermian hypoplasia can be segmen-
tal, and normal development of the inferior vermis is not
dependent on normal development of the superior vermis.

Key point: The vermis does not form through fusion of
the cerebellar hemispheres, it develops from its own mesial
primordium. Additionally, different parts of the vermis
develop from different parts of the mesial primordium.
Segmental vermian abnormalities can therefore exist.
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Figure 1 (a) During formation of the dorsal pontine flexure (small arrow) a transverse crease (large arrow) forms in the roof of the
rhombencephalic vesicle (%), dividing it into anterior (cranial) and posterior (caudal) membranous areas. (b) The vermis (arrowhead)
develops from the rhombic lip at the superior margin of the anterior membranous area. Choroid plexus develops in the crease (arrow).
Cavitation starts in the overlying meninx primitiva (double arrow) to form the subarachnoid space. (c) As the cerebellum grows inferiorly
the posterior membranous area bulges out between the vermis (large arrow) and the nucleus gracilis (small arrow), forming Blake’s pouch.
The subarachnoid space remains trabeculated by pia-arachnoid septations (double arrow). (d) Blake’s pouch fenestrates (dotted line) and the
neck of Blake’s pouch becomes the foramen of Magendie (dashed line). The choroid plexus (arrow) now appears to be in the cisterna magna.

(All images reproduced, with permission of the American Institute of Ultrasound in Medicine, from Robinson and Goldstein!.)

The roof of the rhombencephalon

At around 8-10 weeks’ gestation, a focal dilatation
of the neural tube is seen in the dorsal aspect of the
developing hindbrain; this is the rhombencephalic vesicle,
the predecessor to the fourth ventricle. At this level in the
brainstem, which is known as the open medulla, the two
alar laminae do not touch in the midline dorsally, and
the gap is bridged by a layer of tela choroidea'! known
as the area membranacea, which forms the roof of the
rhombencephalic vesicle.

The hindbrain develops a kink, known as the dorsal
pontine flexure, which causes a transverse crease to
form in the area membranacea, dividing it into a more
rostral anterior membranous area and a more caudal
posterior membranous area (Figure 1). The cerebellum
develops from the rhombic lips at the cranial end of the
area membranacea and the vermis and cerebellum grow
exophytically, inferiorly and laterally, to cover it. Due
to its thinness, this layer of tela choroidea has not, until
recently, been resoluble by in-vivo imaging, thus giving
the false impression that the fourth ventricle is open
to the developing subarachnoid space initially and then
closes due to caudal growth of the overlying vermis!2.
This apparent developmental process is therefore often
referred to in older literature as ‘closure’ of the fourth
ventricle. This is typically complete by around 18 weeks’
gestation, although physiological variation may give the
appearance that the vermis is incomplete at the time of
the initial mid-trimester assessment'>.

As the vermis grows caudally it invaginates into the
rhombencephalic vesicle, and the posterior membranous
area protrudes beneath the vermis into the overlying
meninx primitiva'®!3. This evagination, first described
in 1900, is known as Blake’s pouch!!, and where Blake’s
pouch constricts to pass through the cerebellar vallecula
(the normal space inferior to the vermis, superior to the
nucleus gracilis and medial to the cerebellar hemispheres)

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.

it is known as Blake’s metapore (Figure 1d). Even though
Blake’s pouch itself lies within the subarachnoid space of
the developing cisterna magna, it is a direct extension of
the fourth ventricle and therefore the fluid contained in
Blake’s pouch is intraventricular.

Normal linear echoes (the cisterna magna septa), which
are typically seen in the fetal and neonatal cisterna magna
and are most often described as bridging arachnoid
septations'®, have recently been shown to represent the
walls of Blake’s pouch and the cisterna magna septa are a
potential marker for normal development! (Figure 2a).

The cisterna magna

The future cisterna magna therefore forms in two com-
partments: a mesial compartment between the cisterna
magna septa, which is derived from the rhombencephalic
vesicle (Blake’s pouch), and compartments lateral
to the cisterna magna septa which develop through
cavitation of the meninx primitiva overlying the surface
of the brain, forming the subarachnoid space proper
(Figures 2b and c).

Blake’s pouch usually, but not always, fenestrates
to a variable degree'™” down to the obex (the infe-
rior recess of the fourth ventricle), which leads to
communication between the mesial ventricular-derived
compartment and the true subarachnoid space of the cis-
terna magna. Fenestration and disappearance of Blake’s
pouch thus leaves an opening at Blake’s metapore!S-17:18
which is known as the foramen of Magendie, allow-
ing communication between the fourth ventricle and
cisterna magna. Thus, the foramen of Magendie does
not demarcate the true junction between the ventric-
ular system and subarachnoid space of the cisterna
magna.

A small communication beneath the vermis, between
the fourth ventricle and the ‘cisterna magna’, often
described in the literature on ultrasound!'?!5-19=21

Ultrasound Obstet Gynecol 2014; 43: 123-136.
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Figure 2 (a) The cisterna magna septa (double arrows) are a normal structure thought to represent the walls of Blake’s pouch. Cb, cerebellar
hemispheres; Cp, choroid plexus in lateral ventricle. (Reproduced, with permission of the American Institute of Ultrasound in Medicine,
from Robinson and Goldstein'3.) (b) On axial sonography, Blake’s pouch can be seen within the developing subarachnoid space of the
cisterna magna (double arrows). Blake’s metapore (arrow) is visible between the developing cerebellar hemispheres. The walls of Blake’s
pouch are continuous with the walls of the fourth ventricle. The mesial portion of the future cisterna magna is derived from the ventricular
system owing to fenestration of Blake’s pouch. (Reproduced, with permission, from Robinson and Goldstein!®.) (c) Diagrammatic
representation showing the brainstem (small arrow) and Blake’s pouch (large arrow), within the meninx primitiva (double arrow) that will
cavitate and form the true subarachnoid space of the cisterna magna.

and sometimes seen on mid-sagittal images, therefore
represents the normal Blake’s metapore. Imaging the
posterior fossa in the semicoronal plane will show this
normal opening!>!%2! (Figure 3), but can give a false
appearance of a vermian defect?” and, unfortunately, is
often described wrongly as ‘Dandy—Walker variant’ (vide
infra). This error can be avoided by making sure that the
cavum septi pellucidi is included in the image, thus ensur-
ing that the scan plane is truly axial or modified-axial.

Key point: A small gap between the vermis and the
brainstem is normal and is known as Blake’s metapore
as it contains the neck of Blake’s pouch. Once Blake’s
pouch fenestrates, the metapore is known as the foramen
of Magendie.

Phylogeny of the cerebellum

‘Ontogeny recapitulates phylogeny’, or embryology
repeats evolution. This important principle states that
the development observed during embryology is like a
‘time-lapse photography’ rendition of the various steps
taken during evolution; thus, structures that evolved first
also develop first in the embryo, although the separate
steps become somewhat merged.

The oldest part of the cerebellum, the archicerebellum,
comprises the bilateral flocculi and the mesial nodulus
(X), and is known as the flocculonodular lobe (Figure
4a and S2)%. Functionally, this lobe plus some of the
adjacent uvula (IX) comprise the vestibulocerebellum,
which has connections with the vestibular nuclei (which,
although situated within the brainstem, are considered
surrogate deep cerebellar nuclei) and semicircular canals,
receives visual information from the superior colliculi,
and is involved in balance, position and tone. These

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.

functions appear early in evolution, are shared among all
vertebrates and phylogenetically are first seen in fish and
amphibians; consequently they are the earliest to appear
embryologically.

The next part of the cerebellum to appear is the pale-
ocerebellum, which comprises the lobules of the anterior
lobe of the vermis (lingula (I), centralis (II, III), culmen
(IV, V)) and, importantly although often forgotten, but
in fact supported by the literature?>?*, the more caudal
lobules of the posterior lobe of the vermis (pyramis (VIII))
and some of the adjacent uvula (IX)). The paleocerebel-
lum plus adjacent paravermian tissue in the cerebellar
hemispheres is known functionally as the spinocerebellum
and, due to its connections with the spinocerebellar tracts
and efferent connections via the deep cerebellar nuclei to
the cerebral cortex, it is involved in proprioception and
synergy of movement and locomotion. Phylogenetically
this is first seen in higher amphibians and, in relative
terms, is largest in reptiles and birds.

The final part of the cerebellum to appear is the
neocerebellum (also known as the cerebrocerebellum
or pontocerebellum), which comprises the most rostral
lobules of the posterior vermis (between the primary
and pre-pyramidal fissures) (i.e. declive (VI), folium
(VIa), tuber (VIIb)) plus the majority of the contiguous
cerebellar hemispheres. Functionally, it is involved with
motion intent, planning, precision, force and extent, and
increasingly it is recognized to regulate cognitive and
language functions?®. Phylogenetically, this is seen in
mammals only and it is largest in humans; it is therefore
the latest to appear both in evolution and embryologically.
It contributes the most to the transcerebellar diameter, and
thus is one of the most widely used markers for normal
cerebellar development in the fetus.

Ultrasound Obstet Gynecol 2014; 43: 123-136.
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Figure 3 (a) Modified axial sonogram at 19 gestational weeks
demonstrates a small gap inferior to the vermis and between the
cerebellar hemispheres (arrow) which represents the foramen of
Magendie. (b) Sagittal magnetic resonance image in same fetus at
21 weeks, after referral for ‘inferior vermian hypoplasia’,
demonstrating small gap inferior to the vermis (arrow) in keeping
with the foramen of Magendie. Follow-up imaging and outcome
were normal. (Reproduced, with permission of Wolters Kluwer
Health, from Robinson et al.'.)

A similar pattern of development is seen in the deep
cerebellar nuclei, among which the phylogenetically
older nuclei, the fastigial nuclei, are the most medial
within the white matter and connect primarily with the
archicerebellum, followed by the globose and emboliform
nuclei, which are more lateral and connect primarily with
the paleocerebellum, and finally the dentate, the most

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 4 (a) Phylogenetic origins of the cerebellum.
Phylogenetically, the archicerebellum is oldest and is only seen in
fish and lower amphibians. The paleocerebellum is newer, is seen in
higher amphibians and is larger in reptiles and birds. The
neocerebellum is the most recent phylogenetically, is only found in
mammals and is largest in humans. Note that the central lobules of
the vermis are of neocerebellar origin. Superior (left) and inferior
(right) views are shown. (Reproduced, with permission of
Lippincott Williams & Wilkins, from Barr?3.) (b) Phylogenetically
older functions which are common to more species map further
away from the ‘equator’ than do newer functions which are seen in
fewer species. A general correlation with evolutionary steps is seen,
i.e. bipedality before manual dexterity before oromotor skills and
associated cognitive and language skills, which developed last.

¢f Figure S2. (Reproduced, with permission from Macmillan
Publishers Ltd, from Manni and Petrosini2®.)

lateral nuclei, which are connected primarily with the
neocerebellum.

It therefore appears that, from an evolutionary and
embryological perspective, rather than the anterior lobe
developing first followed by the posterior lobe, the
cerebellum actually develops with the most rostral and
most caudal parts appearing together, initially adjacent
to each other, with the more phylogenetically recent
structures subsequently developing between these older
structures, akin to the opening of a flower in which
the outer petals are the first to appear and the inner
ones appear later. Thus, the more anterior and posterior
lobules and the associated medial deep cerebellar nuclei
appear first, and the more central lobules, hemispheres
and associated most lateral deep cerebellar nuclei appear
last.

Key point: Phylogeny supports development of the
vermis more in a ventrodorsal direction than in a
craniocaudal direction.

Ultrasound Obstet Gynecol 2014; 43: 123-136.
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Somatotopic mapping of the cerebellum

Further evidence in support of this pattern of development
is seen when we look at the most recently proposed
somatotopic map of the cerebellum (Figures 4b and
$3)?6. This reveals an initially confusing pattern in
which, moving from superior to inferior, the posterior
lobe appears inverted compared with the anterior lobe.
However, when we look at the overall pattern of the
anterior and posterior lobes as being a reflection on either
side of the cerebellar ‘equator’, not only does it start to
make sense, it also matches phylogeny.

It follows that controls for the more basic or
phylogenetically older functions of the lower limbs and
trunk appear first and are represented in the areas closer to
the brainstem and also closer to the midline, i.e. centralis
(IL, IIT), culmen (IV, V) and uvula (IX), whereas higher and
phylogenetically newer functions, such as the fine motor
control of the hands, mouth and lips and the associated
cognitive functions of language, appear last and are
represented more laterally and in the more central lobules
of the vermis, i.e. declive (VI), folium (VIIa) and tuber
(VIIb), and adjoining simplex, crus I and crus II of the
ansiform lobes of the cerebellar hemispheres, respectively.

Key point: Somatotopic mapping supports development
of the vermis more in a ventrodorsal direction than in a
craniocaudal direction.

Functional magnetic resonance imaging
of the cerebellum

The previously proposed cerebellar somatotopic map
has in fact been confirmed by functional studies of the
cerebellum by MRI (Figure S4)>”731, i.e. the posterior
lobe and anterior lobe appear as reflections of each other
on either side of the cerebellar ‘equator.’

Key point: Functional MRI supports development of
the vermis more in a ventrodorsal direction than in a
craniocaudal direction.

Observation of the cerebellum i#n vitro and in vivo

There is direct observational evidence that this pattern
of development is exactly what we see in the developing
fetus in vivo. The flocculonodular lobe (X) is divided
from the main part of the cerebellum by the posterolateral
fissure, which, along with the primary fissure that
divides the main anterior and posterior lobes, is the
first to appear’>33. The next fissures to appear are
the secondary (or ‘post-pyramidal’), pre-pyramidal,
pre-culmenate and pre-central fissures (Figure 5)3-1%3433,
There is, however, a delay of approximately 6 weeks
between what is resoluble histologically compared with
in-vitro imaging®®, and also of approximately 2-3
weeks between in-vitro compared with in-vivo imaging.
At best, by fetal MRI a single low-signal area is seen
representing the white-matter core of each lobule; thus,
at mid-trimester, typically only seven lobules can be seen
because the lobules that mature later (declive (VI), folium

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.

127

(VIIa), tuber (VIIb)) are indistinguishable!” and so only
one structure representing these three lobules can be
resolved between the primary and pre-pyramidal fissures
(Figure 5a). Reimaging the same fetus later in gestation
can demonstrate that this one structure develops into
three separate lobules, bringing the total up to nine,
which is the normal complement (Figure 5b). This may
lead to misdiagnosis of vermian hypoplasia at earlier
gestations®” because the pyramis (VIII) and uvula (IX)
can be misinterpreted as being the folium and tuber
(lobules VIIa and VIIb) with the inferior-most lobules
being considered erroneously to have not yet developed.

Key point: Direct observation, both in vitro and in
vivo, supports development of the vermis more in a
ventrodorsal direction than in a craniocaudal direction.

In many cases of ‘inferior vermian hypoplasia’ we have
no evidence that it is actually the inferior lobules that are
deficient, because often we cannot distinguish the inferior
vermian lobules from the other lobules of the vermis by
antenatal imaging. Some of the vermian lobules do have
distinguishing features based on the sub-lobules and folia;
for example, the lingula (I), centralis (I, III), culmen (IV,
V), folium (VIIa), tuber (VIIb), uvula (IX) and nodulus
(X) each have one primary division, the culmen (IV, V)
has two anterior and three posterior secondary divisions,
the declive (VI) has one primary and several secondary
divisions, and the pyramis (VIII) has one primary and
one secondary division. Therefore, most of the lobules are
essentially identical*. A unique feature of the declive (VI),
folium (VIIa) and tuber (VIIb), which makes them difficult
to distinguish on early imaging, is that all three are united
to the arbor vitae by a single white-matter core, whereas
all the other named lobules have their own individual
white-matter cores (Figure 5d). One reason for making
such a distinction from the other lobules by giving them
separate names is likely the fact that the folium (VIIa) and
tuber (VIIb) are in direct contiguity laterally with crus I
and crus II of the ansiform lobes, which form the majority
of the cerebellar hemispheres (Figure S5).

Key point: Features that distinguish the different
vermian lobules either do not exist or are simply non-
resoluble at the time of imaging; therefore, in ‘inferior
vermian hypoplasia’ it may not be possible to prove that
it is the inferior lobules that are deficient; in fact, it may
not be ‘inferior’ vermian hypoplasia at all.

Biometric measurement of the cerebellum

Biometric measurement of the cerebellum also supports
the aforementioned model for cerebellar development.
Growth of the vermian craniocaudal diameter has been
confirmed both ultrasonographically and by MRI3$=45,
but, importantly, so has relative growth of both the
superior and the inferior lobes which grow symmetrically
on either side of the primary fissure without any significant
change in ratio with gestational age!®. If the inferior
vermis grew later, linear growth of both lobes would not
be seen and there would be a change in the ratio of the
anterior and posterior lobes throughout gestation.
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Figure 5 (a) In midgestation only one lobule (declive) is seen between the primary and pre-pyramidal fissures. (b) In the same fetus later in
gestation, the same single lobule can be resolved into three lobules (declive (VI), folium (VIIa), tuber (VIIb)). (Reproduced, with permission
of Wolters Kluwer Health, from Robinson ez al.'®.) (c) Sagittal three-dimensional ultrasound reconstruction just able to resolve three lobules
(small arrow) below the primary fissure (large arrow). (d) Magnified inset of (b) with all fissures and lobules labeled. (Reproduced, with
permission, from Robinson ez al.'®.) (e) Gross adult specimen with all fissures and lobules labeled. (Adapted from Duvernoy!'%3.)
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Key point: Biometric measurement supports develop-
ment of the vermis more in a ventrodorsal direction than
in a craniocaudal direction.

Pathology of the posterior fossa
The Dandy—Walker continuum

Classic Dandy-Walker malformation was described
initially in infants with hydrocephalus and was thought
to be the sequela of atresia of the foramina of Luschka
and Magendie*®~*8; however, current theories suggest
that it is a more global developmental defect affecting
the roof of the rhombencephalon”! and leading to
variable degrees of vermian hypoplasia and variable
fenestration of the fourth ventricular outlet foramina,
with variable associated anomalies (Figure 6)*°. The term
‘Dandy—Walker variant’ was introduced to describe those
patients with vermian hypoplasia but without the other
features of the classic triad (namely, elevation of the
torcula and enlarged posterior fossa) (Table 1).

Current theories suggest that the spectrum of find-
ings with respect to the posterior fossa ‘cyst’ in the
Dandy-Walker continuum might result from two
potential processes: either arrest of vermian development
so it does not cover the fourth ventricle, or failure of
adequate fenestration of the fourth ventricular outflow
foramina, leading to an enlarged Blake’s pouch with
secondary elevation and compression of the vermis. In
classic Dandy—Walker malformation these two processes
are thought to occur together.

Several interesting facts have been described in
histopathological studies of Dandy—Walker fetuses®*1.
Rather than the inferior vermian lobules being absent,
typically all of the lobules were actually present and
the overall features resembled those of an arrested
12-week fetus. Reduced arborization of the lobules
and weak neurofilament protein expression was seen
throughout the vermis, including both the inferior lobe
and the superior lobe, although the inferior lobules were
more severely affected. Also, the nodulus (X) appeared
elongated, overriding the uvula (IX) and in one case the
pyramis (VIII), with abnormal caudal displacement of the
germinal matrix, as if it were drawn out by the distention
of the fourth ventricle (superior margin of Blake’s pouch)
(Figure S6). These effects appeared to be mechanical. It
was also noted that the Purkinje cells and deep cerebellar
nuclei (which arise from the periventricular germinal
matrix) were normal: the abnormality affected the
germinal matrix of the rhombic lips only, i.e. the abnor-
mality was confined to derivatives of rhombomere 1.
Compared to normal there is also an apparent gradient of
increasing severity of abnormality in a superior to inferior
direction, possibly due to genetic and concentration
gradients within the molecular milieu of the developing
vermis due to increasing distance from the isthmic
organizer.

Key point: It may be thatitis not only the inferior vermis
that is abnormal since in the Dandy—Walker continuum

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.
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there appears to be a rostrocaudal gradient of severity
of abnormality and the superior vermis is also abnormal.
Genetic gradients may account for this.

Inferior vermian hypoplasia

The term ‘inferior vermian hypoplasia’ is growing in
usage, apparently as an alternative to the nomenclature
‘Dandy—Walker variant>2~%¢, and has evolved as a result
of terminology such as ‘closure of the 4™ ventricle’,
‘craniocaudal growth of the vermis’, ‘craniocaudal
diameter’ and ‘“fusion’ of the cerebellar hemispheres as well
as the numbering of the cerebellar lobules from superior to
inferior. We are currently saddled with the preconception
that the vermis grows in a superior-to-inferior direction
and that, due to craniocaudal development of the vermis,
partial agenesis involves its inferior part®’. Consequently,
when development appears incomplete, as indeed it
always appears before 18 weeks, we have a misconception
that it must be the inferior vermis that is deficient.
However, even in a normal vermis there is always an
inferior gap early in gestation, and yet the inferior lobules
(flocculonodular (X), uvula (IX), pyramis (VIII)) are the
ones that we expect to develop first. This has been shown
on in-vitro imaging, when the posterolateral, pre- and
post-pyramidal fissures (and therefore the lobules either
side of them, i.e. flocculonodular (X), uvula (IX), pyramis
(VIII)) can be seen as early as 16 weeks’ gestation, whereas
the declive (VI), folium (VIIa) and tuber (VIIb) are not
distinguishable from each other (Figure S7)33. Thus, the
inferior gap seen in every fetus this early in gestation
cannot be due to deficiency of the inferior lobules; it
must be due to the overall smaller size of the vermis, in
particular the relative lack of development of the declive
(VI), folium (VIIa) and tuber (VIIb). Therefore when truly
deficient it may be due to a deficiency generally or focally
in any part of the vermis, because the vermis will not
extend as far inferiorly as it should.

Conceptually, when the budding flower is not fully
open, is it that the outside petals are missing, or is
it that the inner petals have failed to grow and push
the outer petals into their normal position? In view of
the ontological appearance of the cerebellar structures,
it is more likely that, in cases of arrested development,
the flocculonodular lobe (X) and lobules closer to the
brainstem (lingula, centralis (I, III), culmen (IV, V),
nodulus (X), uvula (IX), pyramis (VIII)) would be present,
and the ‘neo’-vermian lobules (declive (VI), folium (VIIa),
tuber (VIIb)) and contiguous cerebellar hemispheres
(lobus simplex and ansiform) would fail to develop.
Hence, in this situation the term ‘neovermian hypoplasia’
may be more appropriate. A clinical example of this may
be seen in idiopathic autism, in which selective volume
loss in the neovermian lobules can be observed3?, but
the archicerebellar lobules are normal (Figure S8).

The opposite may also occur if a destructive episode
damages the lobules which are developing at that time,
allowing the lobules that appear later to develop normally,
i.e. the ‘archi’-vermian lobules and adjacent cerebellum
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Figure 6 (a) In Dandy—Walker continuum, the vermis is elevated and abnormally lobulated (small arrow), with enlargement of the fourth
ventricle (%) and Blake’s pouch. The elongated nodulus (X) and displaced germinal matrix can be seen in the superior margin of Blake’s
pouch (double arrow). (b) Diagrammatic representation showing the small vermis (small arrow), enlarged Blake’s pouch (double arrow) and

fourth ventricle (%). (Reproduced, with permission of the American Institute of Ultrasound in Medicine, from Robinson and Goldstein

15.)

(c) Histological specimen showing abnormal vermis (small arrow) and choroid plexus (double arrow) displaced into the inferior wall of
Blake’s pouch, which remains intact. The fastigial recess is abnormally formed (%) and the germinal matrix (large arrow) is displaced from

its normal position just below the fastigial recess into the superior margin of Blake’s pouch.

Table 1 Categorization of ‘cystic’ posterior fossa malformations

Vermis
Rotation/ Cisterna magna Choroid plexus
Findings elevation Hypoplasia septa position Diagnosis
Enlarged Blake’s Yes: > 40-45° Yes: variable, may  Invisible: apposed Inferior margin of ~ Vermian hypoplasia,

pouch, enlarged
posterior fossa,
elevated torcula,
(often
hydrocephalus)
Enlarged Blake’s
pouch, normal-sized
posterior fossa,
normal torcula
Enlarged Blake’s
pouch, normal-sized
posterior fossa,
normal torcula
Enlarged Blake’s
pouch, enlarged
posterior fossa
True cyst that does not
communicate with
the fourth ventricle
(not Blake’s pouch)

Yes: usually
30-45°

Yes: mild to
moderate
(usually <30°)

No

No

be severe

Yes: variable to
intermediate

No: may be
misdiagnosed as
‘inferior vermian
hypoplasia’

No

No: may have
extrinsic
compression

to side walls of
cisterna magna

Invisible: apposed
to side walls of
cisterna magna

Visible: bowed
laterally

Visible: bowed
laterally

Normal, but may be
distorted by mass
effect

Blake’s pouch

Inferior margin of
Blake’s pouch

Superior margin of
Blake’s pouch

Superior margin of
Blake’s pouch

Superior margin of
Blake’s pouch

a.k.a. Dandy—Walker
malformation

Vermian hypoplasia,
a.k.a. Dandy—Walker
variant or ‘inferior
vermian hypoplasia’

Blake’s pouch cyst, a.k.a.
persistent Blake’s
pouch

Mega cisterna magna
(may represent mega
Blake’s pouch)

Posterior fossa
arachnoid cyst

Compiled and adapted from Robinson et al.'®, Garel’”, Guibaud and des Portes®”, Bonnevie and Brodal”® and Volpe et al.””. a.k.a., also

known as.

would be deficient, but the ‘neo’-vermis and hemispheres
would be normal. A clinical example of this may be seen in
fetal alcohol syndrome, when the archicerebellar lobules
may be affected due to depletion of the Purkinje cells
which exist at the time of the toxic alcohol level®®~62, but
without affecting subsequent development; therefore, the
archicerebellar lobules are selectively damaged, but the
neocerebellar lobules are normal (Figure S9).

Thus, depending on the nature and timing of the
insult, a completely different clinical picture would

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.

be expected, tending towards either ataxia, hypotonia,
balance and visual disturbance (vestibulocerebellum,
spinocerebellum), or alternatively a disturbance of
executive functions, memory, language and cognition
(neocerebellum) which have been shown to localize to
the tuber (VIIb) and contiguous ansiform lobes?$:63767,
Key point: ‘Inferior vermian hypoplasia’ may actually
be due to hypoplasia of other vermian lobules, for
example the neovermian lobules, leading to overall
reduction in craniocaudal growth. This may explain why
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in certain cases of ‘inferior vermian hypoplasia’ we may
see only cognitive defects.

Isolated ‘inferior vermian hypoplasia’ vs Blake’s
pouch cyst

The term ‘isolated inferior vermian hypoplasia’ has been
used to describe that subset within ‘inferior vermian
hypoplasia’ in which there are no known underlying or
associated abnormalities®®~7° and this group generally
has a better outcome”!~7¢,

Unfortunately, it is likely that, until very recently, due to
the subtleties of distinguishing between ‘inferior vermian
hypoplasia’ and Blake’s pouch cyst (vide infra), in the
literature these two groups of patients, with differing
outcomes, have been included together. The problem lies
in our poor ability even by modern antenatal imaging
techniques, except perhaps in expert hands, to distinguish
an isolated persistent Blake’s pouch from true vermian
hypoplasia, because both have an enlarged Blake’s pouch
and both have a rotated vermis, and the difference in
definition is based purely on the appearance of the
vermis’’. Thus, the essential task is to ensure that the
vermis is normal. However, to achieve this we need to be
sure that we evaluate all of the vermis, and not just the
inferior part.

One suggested useful landmark for differentiating
between Blake’s pouch cyst and vermian hypoplasia is
the position of the choroid plexus: if it is in its normal
position on the inferior surface of the vermis (superior
margin of the cyst), this is compatible with Blake’s pouch
cyst, because it indicates that the anterior membranous
area formed normally; if it is on the inferior margin of
the cyst, this indicates that the anterior membranous area
formed abnormally (Figure 6¢)'%7%7% warranting further
evaluation of the vermis. This landmark is, however,
extremely difficult to see.

131

It is often impossible to tell prenatally whether vermian
hypoplasia is isolated since associated abnormalities,
for example genetic or chromosomal ones, may be
undetectable®?. In one study, 50% of Dandy—Walker and
‘inferior vermian hypoplasia’ patients had abnormal out-
come even if the abnormality appeared to be isolated®!. In
another study, postnatal imaging and follow-up findings
were normal in six out of 19 cases of ‘isolated inferior
vermian hypoplasia’, and the 13 with postnatal confirma-
tion of hypoplasia had good overall outcome, with only
mild developmental delays in a subset of infants®$.

Key point: The position of the choroid plexus may be
useful to distinguish true vermian hypoplasia from Blake’s
pouch cyst, which have different outcomes.

Blake’s pouch cyst (or ‘persistent Blake’s pouch’)

In Blake’s pouch cyst (Figure 7) there is thought to
be inadequate fenestration of both Blake’s pouch and
the foramina of Luschka, leading to imbalance of
cerebrospinal fluid (CSF) egress into the subarachnoid
space of the cisterna magna, with consequent dilatation of
the fourth ventricle!®. Although the pouch communicates
freely with the fourth ventricle, there is a failure of
communication between the pouch and the perimedullary
subarachnoid spaces!”82,

In most of the lower species, including dogs, Blake’s
pouch is a normal persistent structure, yet in these species
the vermis grows even more caudally than it does in
humans, thereby obliterating the mesial portion of Blake’s
metapore and dividing it into two lateral metapores'!.
However, other than in humans, the foramina of Luschka
are also larger and therefore the normal non-fenestration
of Blake’s pouch does not impede CSF egress. In
contrast, in humans, with smaller foramina of Luschka,
non-fenestration of Blake’s pouch causes it to enlarge
and elevate/rotate the vermis away from the brainstem,

Figure 7 (a) In persistent Blake’s pouch, the vermis is elevated away from the brainstem but the major landmarks of the primary fissure
(small arrow) and fastigial recess (large arrow) appear normal and the lobulation appears normal. (Reproduced, with permission from

Taylor and Francis Group LLC Books, from Robinson and Blaser!¢

.) Diagrammatic representation showing Blake’s pouch (double arrow)

elevating a normal vermis (small arrow). (Reproduced, with permission of the American Institute of Ultrasound in Medicine, from Robinson
and Goldstein'3.) (c) Pathological specimen of the same fetus with Blake’s pouch collapsed (double arrow) and vermian lobulation

apparently normal (arrow). (Reproduced, with permission, from Robinson and Blaser
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but, because this causes a gap between the inferior vermis
and the brainstem, this can lead to the false-positive
diagnosis of ‘inferior vermian hypoplasia’. This theory
of Blake’s pouch cyst explains why historically there
has been poor correlation of ultrasound and autopsy
findings in apparent cystic malformations of the posterior
fossa®3, because postmortem the cyst deflates and the
vermis derotates back into a normal position. This same
scenario is seen in children and adults with Blake’s pouch
cyst, in whom there is no intrinsic vermian hypoplasia.
CSF shunting or third ventriculostomy to decompress
the ventricular system results in a return to normal
appearance and clinical normality of these patients once
the hydrocephalus has resolved®*%°.

Isolated elevation/rotation of the vermis due to a
persistent Blake’s pouch does not necessarily indicate an
adverse outcome!?15:68:79:86=89 "1n one study, one third
of cases of Blake’s pouch cyst or mega cisterna magna
underwent spontaneous resolution in utero and 90%
of survivors with no associated anomalies had normal
developmental outcome at 1-5 years once the initial
referral misdiagnosis of vermian hypoplasia had been
excluded®!. In another large retrospective study of 19
cases of Blake’s pouch cyst, associated anomalies were
seen in eight. There were two neonatal deaths and eight
terminations. Of nine survivors, one had trisomy 21,
and the other eight were neurodevelopmentally normal,
although obstructive hydrocephalus was seen in one’”.

It has also been suggested in several cases in the
literature that persistent Blake’s pouch phenotype can
be ‘acquired’ if the balance of CSF egress is upset by the
presence of fetal intraventricular hemorrhage®!%% or fetal
infection®®?! which result in tetraventricular dilatation
and enlargement of the ‘cisterna magna’ (i.e. enlargement
of Blake’s pouch contained within the cisterna magna),
presumably through resultant debris within the ventricu-
lar system causing obstruction of the fenestrations in both
the foramina of Luschka and Blake’s pouch, in much
the same way as can be demonstrated postnatally”??3
(Figure $10). However, it is important to recognize that,
depending on the nature and timing of the insult, injury to
the developing brain itself can also result from endotoxins,
free radicals and inflammatory cytokines*~%¢.

Mega cisterna magna may in fact represent mega Blake’s
pouch but with better CSF egress such that the vermis is
not elevated.

Key point: Blake’s pouch cyst can give the appearance
of ‘inferior vermian hypoplasia’ when there is no intrinsic
abnormality of the vermis at all. Evidence suggests that irn-
utero infection or intraventricular hemorrhage may cause
this appearance.

Conclusions

The vermis appears to grow in a craniocaudal direction,
thus giving rise to the preconception that when it
is incomplete the deficiency must affect the inferior
vermis; however, evidence indicates that the vermis
and cerebellum develop more in a ventral-to-dorsal
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direction, with the more phylogenetically recent structures
developing in-between the older structures, akin to the
opening of a flower. Deficiency generally or focally in any
part of the vermis, or enlargement of Blake’s pouch leading
to elevation of an intrinsically normal vermis, can both
give the appearance of ‘inferior vermian hypoplasia’ and
can be difficult to differentiate. The term ‘inferior vermian
hypoplasia’ is incorrect because it is not necessarily the
inferior vermis that is abnormal, it may not only be the
inferior vermis that is abnormal, or the vermis may not
be abnormal at all. The term should be abandoned in
favor of simply vermian hypoplasia or vermian dysplasia
unless it can be proved that it is the inferior vermis that
is deficient, and recognizing the fact that the etiology may
be due to hypoplasia, atrophy, destruction or disruption
(Table S1). The part of the vermis affected depends on the
nature and the timing of the insult, which can selectively
damage structures existing at the time of the insult, or
selectively damage those which develop after the insult;
this concept thus governs the resulting constellation of
clinical findings. In certain cases it may even be more
appropriate to use the term ‘neovermian hypoplasia’ in
recognition of the fact that the declive (VI), folium (VIIa)
and tuber (VIIb) may be the only lobules affected.
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Figure S1 The more inferior parts of the cerebellum and vermis derive their granule cells from the more lateral
upper rhombic lip germinal matrix, whereas cells originating in the mesial germinal matrix are confined to an
anterior cerebellar distribution. (Reproduced with permission from Elsevier, from Sgaier et al.8.)

Figure S2 Functional origins of the cerebellum. The vestibulocerebellum (blue) includes the flocculonodular
lobe (X) and adjacent uvula (IX), the spinocerebellum (green) includes the anterior lobe and the pyramis
(VIII) and contiguous medial hemispheres and the neocerebellum (yellow) includes the declive (VI), folium
(VIIa) and tuber (VIIb) and the majority of the cerebellar hemispheres. (Adapted from Duvernoy'®’.)

Figure S3 Somatotopic map of the cerebellum. This appears incompatible with a craniocaudal development
pattern, but entirely compatible with a ventrodorsal one. The anterior lobe is a reflection of the posterior lobe
on either side of the cerebellar ‘equator’. Feet are represented at the cranial and caudal extents, upper limbs
inside that, and mouth inside that (centrally). (Reproduced, with permission from Macmillan Publishers Ltd,

from Manni and PetrosiniZ®.)

SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

Ll Table S1 Associations with cerebellar hypoplasia (updated and adapted from Alkan ez al.5°, Guibaud et al.80,
Murray et al.”®, Osenbach and Menezes®®, Boddaert et al.'%, Winter et al.'%', Poretti et al.'02,
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Figure S4 Functional magnetic resonance imaging of the cerebellum demonstrates a pattern in which
phylogenetically older functions map further away from the ‘equator’ than do newer functions. This pattern
replicates the previously proposed somatotopic map. (Reproduced, with permission from Elsevier, from
Grodd er al.?’.)

Figure S5 Diagram of the cerebellum demonstrating both the naming system and the corresponding
numbering system for all of the vermian lobules, plus their corresponding cerebellar lobules and fissures.
Lobule VI is also known as the declive (not labeled). (Reproduced, with permission from Macmillan

Publishers Ltd, from Manni and PetrosiniZ®.)

Figure S6 (a) Dandy—Walker (DW) fetus demonstrating that all of the vermian lobules are present and
abnormal and the nodulus (X) is elongated and distorted (arrow). (b) Normal fetus for comparison.

(c) Histological specimen from DW fetus again showing distortion of the nodulus (X). (d) Normal fetus for
comparison. (e) DW fetus: the germinal matrix (arrow) appears to have been pulled inferiorly by the superior
margin of Blake’s pouch. (f) Normal position of the germinal matrix (arrow) below the fastigial recess.

(g) Neurofilament protein expression in DW fetus shows marked reduction in the inferior vermis (arrow);
however, there is also reduction in the superior vermis (double arrow) and a gradient of increasing severity of
abnormality in a superior to inferior direction. (h) Normal neurofilament protein expression for comparison.
(All images reproduced, with permission from Sage Publications, from Russo and Fallet-Bianco’!.)

Figure S7 In this specimen at 16 weeks’ gestation the pre-pyramidal and post-pyramidal (secondary) fissures
can be seen; thus, the pyramis (VIII) and uvula (IX) are present even though there is a gap separating the
inferior vermis from the brainstem. (Reproduced, with permission from Lippincott Williams & Wilkins, from
Chong et al.33.)

Figure S8 In idiopathic autism, the affected lobules (numbered in red) are those that are phylogenetically
newer (neocerebellum (yellow)) and appear later during embryogenesis. The vestibulocerebellum (blue) and
spinocerebellum (green) are spared. (Adapted from Duvernoy!'%.)

Figure S9 In fetal alcohol syndrome, the affected lobules (numbered in red) are those that are phylogenetically
older (vestibulocerebellum (blue), spinocerebellum (green)) and appear earlier during embryogenesis,
therefore suffering depleted Purkinje cells during exposure to toxic alcohol levels. The neovermian lobules
(vellow) are spared. (Adapted from Duvernoy!?’.)

Figure S10 (a) Sagittal half-Fourier acquisition single-shot turbo spin-echo (HASTE) magnetic resonance
image (MRI) in a fetus with sonographically diagnosed intraventricular hemorrhage. The cerebellar vermis
(arrow) is elevated but appears normal otherwise, with normal landmarks and biometry. There is no ‘inferior
vermian hypoplasia’. (b) Axial HASTE image in the same fetus, demonstrating unilateral low signal in the
caudothalamic groove (arrow). (c) Parasagittal oblique diffusion-weighted image in the same fetus,
demonstrating restricted diffusion (arrow), which was also corroborated on the apparent diffusion coefficient
map, in keeping with germinal matrix hemorrhage. (d) Coronal MRI in a different 30-week-gestation
neonate, showing blood within Blake’s pouch (%) in continuity with the fourth ventricle, but the subarachnoid
space of the cisterna magna has normal fluid signal (arrows). (e) Sagittal MRI in the same neonate, showing
blood within Blake’s pouch (%) and an elevated and compressed vermis (arrow), giving a vermian hypoplasia
phenotype.

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2014; 43: 123-136.
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ABSTRACT

Objectives To identify at prenatal ultrasound (US) the
features of apparently isolated subependymal pseudocysts
(SEPC) that may indicate underlying pathology and
should lead to further investigations.

Methods This was a retrospective study of cases with
SEPC detected on prenatal US and/or magnetic resonance
imaging (MRI). Those with apparently isolated SEPC at
US were classified into two groups as follows: Group 1
(n=29): normal prenatal US and MRI (except for SEPC)
and normal outcome; Group 2 (n=12): normal prenatal
cerebral US (except for SEPC) and abnormal prenatal
cerebral MRI with or without abnormal outcome. A
third group (n=29) included cases with abnormal prenatal
US and MRI. The latter cases with obvious cerebral
abnormalities at US were excluded from the statistical
analysis as they do not represent a diagnostic dilemma for
clinicians. Groups 1 and 2 were analyzed, comparing them
with respect to their SEPC characteristics (size, number,
location in relation to the caudothalamic notch and the
ventricular horns and morphology) and extracerebral
abnormalities.

Results The mean + SD SEPC great axis was longer
in Group 2 (11.67 £5.82 mm) than it was in Group 1
(8.00+5.64 mm) (P=0.021), suggesting an optimal
cut-off for size of SEPC of >9 mm (sensitivity =75%,
specificity=62%) to maximize sensitivity for predict-
ing pathological outcome. SEPC adjacent to the tem-
poral horns and SEPC located posterior to the cau-
dothalamic notch were observed more frequently in

Group 2, indicating their association with poor outcome
(P=0.003 and P=0.003, respectively). Atypical mor-
phology and extracerebral abnormalities were observed
more frequently in Group 2 (P=0.013 and P =0.044,
respectively). There was no statistically significant dif-
ference between groups for either number or location
of cysts along the inferior wall or adjacent to the lat-
eral wall of the frontal horns (P=0.591 and P=0.156,
respectively).

Conclusion When apparently isolated SEPC are observed
at prenatal US, further investigations should be performed
under the following circumstances: (1) SEPC great axis
> 9 mm; (2) SEPC adjacent to the occipital and temporal
horns; (3) SEPC located posterior to the caudothalamic
notch; (4) SEPC with atypical morphology. Copyright ©
2015 ISUOG. Published by John Wiley & Sons Ltd.

INTRODUCTION

Subependymal pseudocysts (SEPC) are located in the
wall of the lateral ventricles. They result from the lysis
of undifferentiated cells in the germinal matrix, which
are particularly vulnerable because of their high mitotic
activity!.

SEPC are usually diagnosed on cranial ultrasound
(US) examination during the postnatal period, being
identified in an estimated 1-5% of newborns?™*, with
a higher incidence in premature babies®. Although
isolated SEPC discovered after birth usually carry a good
prognosis*® and most commonly regress spontaneously,
they may be associated with a range of pathological
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conditions of different severity. SEPC may result from
hemorrhage within the germinal matrix (which is more
vulnerable in premature babies) or be observed in the
setting of focal hypoxic ischemic damage, sometimes
resulting from toxins such as cocaine”®. They may
also be associated with viral infections®~12, metabolic
diseases such as Zellweger syndrome'? and chromosomal
abnormalities'®13.

Due to improvements in US technology and skills,
prenatal detection of SEPC has improved during the
past few years and, increasingly, they are detected at
routine prenatal US screening. However, prenatal studies
focusing on SEPC are scarce; since Malinger’s series'®,
only a few case reports have been published®!'”~2°, When
associated severe cerebral or extracerebral abnormalities
are observed at prenatal US, the prognosis of SEPC
in itself is not the main concern. Detecting apparently
isolated SEPC at prenatal US is much more challenging. To
address this, we conducted a retrospective study in fetuses
with SEPC and compared the characteristics of SEPC at
prenatal imaging in those with normal and those with
abnormal imaging and/or clinical outcome. We hoped to
identify SEPC features that might indicate an underlying
abnormality and should lead to the performance of fetal
brain magnetic resonance imaging (MRI) and additional
investigations, such as genetic studies, maternal serology
and amniocentesis.

METHODS
Patients and setting

This observational retrospective study included consec-
utive fetuses with SEPC detected at prenatal US and/or
MRI in our institution between September 2008 and
September 2012. All women were referred and the major-
ity underwent both US and MRI. Cases with insufficient
information about obstetric history, postnatal follow-up
or fetopathological results were excluded. Institutional
review board approval was granted for this study.

Imaging

Prenatal US examinations were performed on a Toshiba
(Aplio, Toshiba, Tokyo, Japan) US system equipped
with transabdominal probes (3.5-6 MHz) or, in cases of
cephalic presentation and poor quality of transabdominal
scanning, a transvaginal probe (6 MHz). Examinations
were conducted according to the ISUOG guidelines
regarding prenatal neurosonography?'. Fetal MRI
was performed with a 1.5-Tesla MR system (Achieva
Philips Medical Systems, Best, The Netherlands), using
a phased-array abdominal coil. Imaging sequences
included at least T2-weighted single-shot turbo spin-echo
sequences (repetition time/echo time, 15 000/120 ms; field
of view depending on gestational age; section thickness,
4mm; spacing, 2mm; matrix, 256 x 256) performed
in planes that were strictly axial, sagittal and coronal.
Postnatal imaging was performed using either cranial US

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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or brain MRI or both. All examinations were performed
and re-analyzed retrospectively by trained radiologists.

Data collection and classification

We obtained the following prenatal data from medical
records: obstetric history, reason for referral to our depart-
ment, maternal serology results, amniocentesis results,
family history of congenital diseases, consanguinity, gesta-
tional age at diagnosis and SEPC imaging features at initial
scan. Moreover, cerebral and extracerebral abnormalities
detected by prenatal US and/or MRI were recorded.

Postnatal data included: gestational age at birth,
imaging studies after birth (US or MRI) and evolution
of imaging features (stability, progression, regression),
clinical follow-up data regarding neurodevelopmental
status obtained from medical records, and age at last
follow-up exam. The neurodevelopmental status was
assessed by neuropediatricians using the Bayley’s scales of
infant development (BSID-III)*?> and head circumference
and onset of seizures were also recorded. The clinical
outcome was evaluated and considered abnormal in the
presence of a low level according to Bayley’s scales and/or
an adverse finding such as microcephaly or onset of
seizures.

Following parental counseling, termination of preg-
nancy (TOP) was discussed in some pathological cases,
according to French legislation. Pathological confirmation
was available for all terminated fetuses. Gestational age
at TOP and the fetopathological data were recorded.

In order to analyze SEPC features with regard to
clinical and imaging outcomes, we classified the study
population into three groups: Group 1 included cases
with normal prenatal US and MRI findings (except for
SEPC) and normal clinical outcome; Group 2 included
cases with normal cerebral prenatal US (except for
SEPC) and abnormal cerebral prenatal MRI with or
without abnormal outcome; Group 3 included cases with
abnormal prenatal US and MRI findings. These latter cases
with obvious cerebral abnormalities at US were excluded
from the statistical analysis as they do not represent
a diagnostic issue. Nevertheless, clinical and imaging
characteristics of this third subgroup are reported because
they highlight SEPC features that could be encountered in
apparently isolated SEPC.

Cases were considered pathological if the clinical
outcome was abnormal or if the pregnancy was
terminated.

Imaging features of subependymal pseudocysts

SEPC were defined as cystic lesions located along the
inferior wall or adjacent to the lateral wall of the frontal
horns (Figure 1) or adjacent to the temporal or occipital
horns (Figure 2). Cystic lesions located above the external
angle of the lateral ventricle were not considered SEPC
and were probably ischemic lesions, including periven-
tricular leukomalacia, as described by Malinger et al.'®
(Figure 3).

Ultrasound Obstet Gynecol 2015; 46: 678-687.
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Figure 1 Typical sonographic patterns of subependymal pseudocysts (SEPC) (arrows) in coronal (a,d,g,j) and parasagittal (b,e,h,k) views.
(a,b,c) SEPC located below the frontal horns: germinolysis cysts (images from a 34-week fetus). (d,e,f) Larger germinolysis SEPC located
below the frontal horns (30 weeks). (g,h,i) SEPC lateral to the frontal horns (34 weeks). (j,k,1) Larger SEPC lateral to the virtual frontal horns
should not be mistaken for enlarged frontal horns (33 weeks). Note that, in all cases, SEPC are located below or lateral to the frontal horns.

Figure 2 Ultrasound images of temporal and occipital
subependymal pseudocysts (SEPC) in coronal (a,c) and parasagittal
(b,d) views. (a,b) Temporal SEPC (solid arrows) in context of
pseudo-TORCH syndrome associated with SEPC lateral to the
frontal horns (dotted arrow). (c,d) Occipital SEPC (arrowheads) in
context of cytomegalovirus fetal infection associated with
ventricular dilatation.

We described SEPC on both prenatal US and prenatal
MRI in terms of size, number, uni/bilaterality and
anatomical location in relation to the frontal (along the

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 3 Ultrasound images of periventricular leukomalacia in
coronal (a) and parasagittal (b) views: cystic lesions (solid arrows)
are located above the external angle of the lateral ventricle (dotted
line).

inferior wall or adjacent to the lateral wall of the frontal
horns), temporal or occipital horns. We also evaluated
the location of the SEPC in relation to the caudothalamic
notch, differentiating between SEPC extending anterior
to, those extended up to and those extending posterior to
the caudothalamic notch (Figure 4).

Regarding SEPC morphology, the ratio between
their anteroposterior diameter and height was eval-
uated on parasagittal slices. We also evaluated the
shape of the SEPC (oval or square) and their margins
(well- or ill-defined). When the SEPC were multiple,
the septa separating them were also analyzed. SEPC
were considered typical if they showed well-defined
margins and an oval shape, with height smaller than

Ultrasound Obstet Gynecol 2015; 46: 678-687.
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Posterior

Anterior

Figure 4 (a) Evaluation of subependymal pseudocyst (SEPC) location in relation to the caudothalamic notch on a T2-weighted parasagittal
magnetic resonance slice (black arrow). On sonographic parasagittal views (b,c), SEPC were differentiated according to their extension
anterior to, up to or posterior to the caudothalamic notch (white arrows).

Figure 5 Atypical sonographic morphology of subependymal
pseudocysts (SEPC) in parasagittal views. (a) SEPC height is greater
than the anteroposterior diameter in a case of suspected metabolic
disorder with associated white-matter abnormalities. (b) SEPC
present with ill-defined margins in a case of a chromosomal
disorder (del 2p 3.1) associated with renal multicystic dysplasia. In
both cases, SEPC extend posterior to the caudothalamic notch.

the anteroposterior diameter. Multiple SEPC showed a
typical ‘string-of-beads’ pattern (oval cystic lesions with
well-defined borders, well separated from one another).
SEPC were considered atypical if they showed ill-defined
margins or a square shape or if their height was greater
than their anteroposterior diameter (Figure 5).

Statistical analysis

Results are presented as mean 4 SD or median (range)
for continuous data and 7z (%) for categorical data.
Comparisons between Groups 1 and 2 were made using
the chi-square or Fisher’s exact test, for categorical vari-
ables, and unpaired #-test or Mann—Whitney U-test, for
continuous variables, after normality of the distribution
had been assessed by means of the Shapiro—Wilk test.
Receiver—operating characteristics (ROC) curve analysis
was performed, computing the Youden’s index (defined as
sensitivity + specificity — 1) and the distance between the
ROC curve and the upper left corner (defined as (speci-
ficity — 1)> 4 (1 — sensitivity)?), to identify the optimal

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

cut-off for size of SEPC to maximize sensitivity (> 70%)
for predicting a pathological outcome.

Multivariate logistic regression models were performed
to identify independent predictors of pathological out-
come, using Firth’s bias correction to account for the
limited sample size and following a stepwise backwards
procedure by removing non-significant variables at
each step.

Agreement between US and MRI findings with respect
to SEPC features was investigated using agreement
proportions and kappa coefficients for categorical data,
and Wilcoxon’s signed ranks test for paired data,
comparing mean number and size of SEPC as assessed
by the two techniques.

A two-tailed P-value < 0.05 was considered statistically
significant. All statistical analyses were performed using
STATA statistical software (Version 12.1, Stata Corp.,
College Station, TX, USA).

RESULTS
Inclusion criteria and study population

We retrieved from our Paediatric Radiology Depart-
ment database 61 cases with SEPC detected at pre-
natal US and/or MRI during the 4-year study period.
Of these, 11 were excluded due to insufficient infor-
mation about obstetric history, postnatal follow-up or
fetopathological data. No statistically significant differ-
ence was found between included and excluded cases
with regard to available data (gestational age, imag-
ing findings). In the 50 cases meeting the inclusion
criteria, we performed the following imaging examina-
tions: both MRI and US (7=48) and targeted US only
(n=2).

The following findings were observed at US screening
before referral: SEPC (n=235), ventricular dilatation
(n=6), intrauterine growth restriction (z=2) and other
cerebral and extracerebral abnormalities (7 =35). In our
department, additional SEPC were found at targeted
neurosonography (z=12) and MRI (7= 3). Moreover,
a few women were referred to our department following
maternal cytomegalovirus (CMV) seroconversion (7= 13)
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or because of a history of cerebral abnormalities in a
previous pregnancy (z=1).

Group 1 included 29 cases (28 cases with both US and
MRI and one case with US only). In all cases, the clinical
outcome was normal.

Group 2 included 12 cases (11 cases with both US
and MRI and one case with US only). Seven pregnancies
were terminated. Five children were liveborn: one child
had an abnormal clinical outcome, one neonate died at
2 days and three children had an abnormal outcome
but were lost to follow-up (at 1, 12 and 18 months)
(Table 1).

Group 3 included nine cases (TableS1). Seven were
terminated and two had abnormal clinical outcome
(Table 2).

At prenatal US, the following extracerebral abnormal-
ities were observed: multicystic renal dysplasia (z=1),
cleft palate (7=1), hepatomegaly and intestinal tract
abnormalities (7=35) and bone dysplasia (z=1); such
abnormalities were sometimes multiple in the same
patient. Extracerebral abnormalities were significantly
associated with an abnormal outcome (P = 0.044).

In Group 2, MRI detected white-matter abnormalities
(n=9) (Figure 6) and abnormal gyration (n=1) that
were not visible at prenatal US. MRI was not performed
in a case of del 2p3.1 (which underwent TOP) and MRI
was normal in a case of cloacal malformation (perinatal
death).

In Group 3, all cerebral abnormalities detected at
prenatal US were confirmed by fetal brain MRI and
included: microcephaly, gyration disorders, posterior
fossa, corpus callosum and parenchymal abnormali-
ties. Fetal MRI detected four additional white-matter
abnormalities.

In all 14 (66.7%) cases in which the parents elected to
terminate the pregnancy following prenatal counseling,
the fetopathological data confirmed the prenatal data:
metabolic disorder (7=9, six cases in Group 2 and
three in Group 3), congenital infection (7 =3, Group 3),
chromosomal abnormality (7=2, one case in Group 2
and one in Group 3) and bone dysplasia (z =1, Group 3).
The nine cases of metabolic disorders included pyruvate
dehydrogenase deficiency (n=1), Zellweger syndrome
(n=1), lysosomal storage disorder (7=1) and six
cases suggestive of aminoacidopathy with white-matter
spongiosis and marked astrocytic gliosis at neu-
ropathological examination. The types of chromosomal
abnormalities were del 2p3.1 (n=1) and del 5p15.3pter
(m=1).

Prenatal parameters associated with a pathological
outcome

The prenatal parameters and their relationship with
clinical and imaging outcomes are summarized in Table 3.
None of these parameters was significantly associated
with adverse outcome. The mean gestational age at SEPC
diagnosis did not differ significantly between Groups 1
and 2 (P=0.694).

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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Comparative analysis of SEPC features at MRI and US

The agreement between US and MRI was excellent,
ranging globally from 91.1% (SPEC being uni- or
bilateral, SEPC morphology) to 100% (SEPC location
relative to caudothalamic notch) and yielding kappa
values from 0.77 to 1 (all significant at the P <0.0001
level). There was no statistically significant difference
between the mean number of SEPC measured with US
and with MRI (P=0.076). The measured size of the
SEPC was larger with MRI (12.4 £7.20 mm) than with
US (9.17+£5.93 mm) (P < 0.0001).

Characteristics of SEPC associated with a pathological
outcome

Characteristics of SEPC for Groups 1 and 2 are sum-
marized in Table 4. SEPC great-axis dimension was
significantly associated with a pathological outcome, with
Group 2 having a longer mean great axis compared with
Group 1 (P=0.021). ROC curve analysis suggested an
optimal cut-off of > 9.00 mm that maximized sensitivity
(sensitivity, 75%; specificity, 62%; area under the ROC
curve, 0.73), with maximized Youden’s index (0.37)
and minimal distance between the ROC curve and the
upper left corner (0.45). Moreover, SEPC adjacent to the
temporal horns and SEPC posterior to the caudothalamic
notch were observed more frequently in Group 2, indi-
cating their association with poor outcome (P=0.003
and P=0.003, Table 4). While Group 3 was not included
in the statistical analysis, note that occipital SEPC were
observed only in Group 3 (Table S2). Also noteworthy is
that there was no statistical difference between Groups 1
and 2 regarding the outcome between cases with frontal
SEPC along the inferior wall and those in which they
were adjacent to the lateral wall of the frontal horns
(P=0.156).

In 47 cases, SEPC were well-depicted at US, with their
morphology considered to be typical in 45 cases and
atypical in two cases (in Group 2). Atypical morphology
was significantly associated with pathological outcome
(P=0.013).

Neither the number of SEPC at prenatal US nor their
laterality was significantly associated with pathological
outcome.

In multivariate analysis, three predictors were indepen-
dently associated with a pathological outcome, i.e. SEPC
adjacent to the temporal horns (P =0.009), atypical SEPC
morphology (P=0.023) and SEPC great-axis>9 mm
(P=0.061).

Postnatal evolution of SEPC and clinical follow-up

The postnatal follow-up by US or MRI was shorter (mean,
1.5 months) than was the clinical follow-up (mean, 9.9
(SD, 12.2; range, 1-42) months). At postnatal US and/or
MRI, SEPC had disappeared in 41% of cases, decreased
in size in 6% and remained unchanged in 53%.

In Group 1, postnatal imaging was performed in 27/29
infants (cranial US (z=18) and/or MRI (n=11)); SEPC

Ultrasound Obstet Gynecol 2015; 46: 678-687.
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Table 1 Summary of family history, prenatal imaging and clinical outcome in fetuses with apparently isolated subependymal pseudocysts (SEPC) at ultrasound (US), and either additional
abnormalities detected at prenatal magnetic resonance imaging (MRI), adverse clinical outcome, or both (Group 2)

CNS US
GA at US  Reason GAat  findings GA at  MRI findings
CMV screening  for referral  (except Other US MRI  (except for
Case  Family history seroconversion (wks) referral US (wks) for SEPC)  abnormalities (wks)  SEPC) Outcome Final diagnosis
1 None Yes 32 SEPC 34 None Hepatomegaly 34 White-matter Delivery: 39 wks Lost to follow-up at
abnormalities 18 months
2 None None 26 SEPC 27 None Renal NP NP TOP: 32 wks Del 2p3.1
multicystic
dysplasia
3 None None 31 SEPC 33 None None 33 White-matter TOP: 34 wks Aminoacidopathy
abnormalities
4 None None 26 SEPC 31 None None 31 White-matter TOP: 39 wks Aminoacidopathy
abnormalities
N TOP (previous None 24 SEPC 35 None None 35 White-matter TOP: 37 wks Aminoacidopathy
pregnancy) abnormalities
6 Consanguinity, None 32 Cloacal 32 None Cloacal 32 None Delivery: 40 wks,  Cloacal
microcephaly in malformation malformation perinatal death malformation
sibling
7 None Yes 35 SEPC 37 None Hepatomegaly 37 Abnormal gyration  Delivery: 39 wks Unexplained
gigantism, lost to
follow-up at 12
months
8 None None 33 SEPC 35 None None 35 White-matter TOP: 36 wks Aminoacidopathy
abnormalities
9 None None 34 IUGR 35 None None 35 White-matter Delivery: 37 wks Pseudo-TORCH
abnormalities syndrome
10 None None 33 SEPC 34 None None 35 White-matter TOP: 36 wks Aminoacidopathy
abnormalities
11 None None 34 SEPC 36 None None 36 White-matter Delivery: 37 wks White-matter
abnormalities abnormalities at
postnatal MRI,
lost to follow-up
at 1 month
12 Consanguinity, None 23 IUGR 31 None None 31 White-matter TOP: 32 wks Aminoacidopathy
neurodevelop- abnormalities
mental
disability in
sibling

CMYV, cytomegalovirus; CNS, central nervous system; GA, gestational age; [UGR, intrauterine growth restriction; NP, not performed; TOP, termination of pregnancy; wks, weeks.
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Table 2 Summary of family history, prenatal imaging and clinical outcome in fetuses with subependymal pseudocysts (SEPC) identified at ultrasound (US) in association with other abnormalities at
prenatal US and magnetic resonance imaging (MRI) (Group 3)

GA at US GAat CNSUS GA at MRI findings
CMV screening Reason referral  findings (except Other MRI  (except
Case Family history — seroconversion  (wks)  for referral US (wks) for SEPC) US abnormalities (wks) for SEPC) Outcome Final diagnosis
1 Maternal None 28 Maternal 33 Thin CC, small Typical facial 33 Thin CC, small Delivery: 35 wks Fetal alcohol
alcoholism alcoholism cerebellum dysmorphism cerebellum syndrome
2 None None 26 SEPC 31 Cerebellar None 31  Pontocerebellar TOP: 34 wks Del 5p
hypoplasia hypoplasia
3 CMV Yes 24 Intestinal tract 25 Abnormal gyration, Hepatosplenomegaly, 25  Abnormal gyration, TOP: 26 wks CMV
abnormalities microcephaly, bowel loops microcephaly,
intracranial hyperechogenic- intracranial
calcifications ity calcifications
4 None None 36 SEPC 37 Microcephaly None 37 Microcephaly TOP: 38 wks Aminoacidopathy
5 None None 24 SEPC, ventricu- 31 Opercular dysplasia None 32 Diffuse polymicrogyria, TOP: 34 wks Zellweger
lomegaly opercular dysplasia, syndrome
white-matter
abnormalities
6 CMV, HIV+ Yes 32 Ventriculomegaly 33 Ventriculomegaly =~ None 33 White-matter Delivery: 38 wks CMV
abnormalities
7 CMV Yes 26 Suspicion of 28 Polymicrogyria, Hepatosplenomegaly 28  Polymicrogyria, TOP: 28 wks CMV
cerebral opercular opercular dysplasia,
hemorrhage dysplasia, microcephaly,
microcephaly laminar necrosis
8 Consanguinity, None 22 Ventriculomegaly, 26 Ventricular None 26  Ventricular TOP: 28 wks Pyruvate
TOP for CC small hemorrhage, hemorrhage, dehydrogenase
abnormalities cerebellum microcephaly, microcephaly, deficiency
and multiple abnormal abnormal gyration
malforma- gyration
tions
9 None None 34 SEPC 35 Small vermis Bone dysplasia, 35  Small vermis TOP: 36 wks Lysosomal storage

polyhydramnios

disorder

CC, corpus callosum; CMV, cytomegalovirus; CNS, central nervous system; GA, gestational age; HIV+, positive for human immunodeficiency virus; TOP, termination of pregnancy; wks, weeks.
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Figure 6 Imaging of subependymal pseudocysts (SEPC) in a fetus with suspicion of a metabolic disorder at 35 weeks of gestation: SEPC
lateral to the frontal horn on sonographic parasagittal view (a) and T2-weighted parasagittal magnetic resonance (MR) slice (b) are well
demonstrated with both techniques (arrow), whereas diffuse white-matter abnormalities (hyperintensities on T2-weighted sequences)
(arrowheads) are depicted only on MR imaging. Pathological examination confirmed white-matter abnormalities with spongiform changes
and fibrous astrocysts associated with SEPC, in keeping with an aminoacidopathy.

remained unchanged in 14 cases, they had decreased in
size in two and they had disappeared in 11.

In Group 2, imaging follow-up was available in three of
five cases, in all of which the SEPC remained unchanged in
size and morphology: a case of white-matter abnormality
at fetal brain MRI (cranial US performed at 1 month); a
case of suspected metabolic disorder with normal clinical
evolution during the first months of age (postnatal MRI
performed at 2 months); and a case of suspected cloacal
malformation, confirmed at postnatal examination. This
child died in the immediate postnatal period due to
respiratory distress; SEPC were unchanged on cranial
US at day 1 postnatally. In the other two cases, imaging
follow-up was not available. These were a case of CMV
seroconversion with white-matter abnormalities, with
normal clinical follow-up at 18 months, and a case
of SEPC associated with gyration abnormalities, which
presented at 1 year with unexplained gigantism.

In Group 3, the SEPC had disappeared at postnatal
imaging in both cases. One was a case of white-matter
abnormalities in the context of congenital CMV infection
which was confirmed at postnatal MRI. At clinical eval-
uation, the child presented with right vestibular anomaly
and left moderate deafness. She could walk at 26 months
but required psychomotor rehabilitation. The other was
a case of fetal alcohol syndrome; this child presented with
microcephaly and psychomotor impairment.

DISCUSSION

There is much confusion in the literature regarding SEPC.
The term ‘pseudocysts’ is favoured due to the absence
of epithelial lining*?32*, ‘Connatal cysts’ have been

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

Table 3 Maternal and pregnancy characteristics of the study
population of fetuses with apparently isolated subependymal
pseudocysts (SEPC) at ultrasound (US), according to study group

Group 1 Group 2

Characteristic (n=29) (n=12) P

Reason for referral 0.89
SEPC at US screening 22 (71.0) 9 (29.0)

Other 7 (70.0) 3(30.0

Maternal seroconversion 0.139
Cytomegalovirus 1(33.3) 2 (66.7)

None 28 (73.7) 10 (26.3)

Karyotype 0.116
Normal 29 (72.5) 11 (27.5)
Chromosomal abnormality 0 (0.0) 1 (100.0)

Maternal pathology 0.574
No 26 (72.2) 10 (27.8)

Yes 3 (60.0) 2 (40.0)

Family history 0.282
Not relevant 27 (75.0) 9 (25.0)
Neurodevelopmental 1(33.3) 2 (66.7)

disability
Metabolic disorder 0 (0.0) 1 (100.0)
Polycystic kidneys 1 (100.0) 0 (0.0)

Consanguinity 0.139
No 28 (73.7) 10 (26.3)

Yes 1(33.3) 2 (66.7)

GA at SEPC diagnosis 30.88+3.88 30.34+4.22 0.694
(weeks)

Data are given as 7 (%) or mean = SD. Group 1 had no further
findings; Group 2 had either additional abnormalities detected at
prenatal cerebral magnetic resonance imaging, adverse clinical
outcome, or both. GA, gestational age.

described in the literature as coarctation of the frontal
horn cysts and are considered normal variants?>~27.
This imaging description has not been confirmed by
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Table 4 Characteristics of subependymal pseudocysts (SEPC) and
extracerebral abnormalities detected at ultrasound (US) in fetuses
with apparently isolated SEPC at ultrasound (US), according to
study group

Group 1 Group 2
Characteristiclabnormality (n=29) (m=12)* P
SEPC location relative to 0.003
ventricles
Frontal horns 28 (82.4) 6 (17.6)
Temporal horn 1(20.0) 4 (80.0)
Occipital horn 0 (0.0) 0 (0.0)
SEPC location relative to 0.003
CTN
Anterior or up to CTN 28 (82.4) 6 (17.6)
Posterior to CTN 1(20.0) 4 (80.0)
Uni/bilaterality 0.189
Unilateral 9 (90.0) 1(10.0)
Bilateral 20 (69.0) 9 (31.0
SEPC morphology 0.013
Typical 29 (78.4) 8 (21.6)
Atypical 0(0.0) 2 (100.0)
Extracerebral abnormality 0.044
Renal dysplasia 0 (0.0) 1 (100.0)
Hepatomegaly 0 (0.0) 2 (100.0)
Intestinal bud abnormality 0 (0.0) 0 (0.0)
Cleft palate 1 (100.0) 0 (0.0)
Number of SEPC 2.45+0.78 2.60+0.70 0.591

SEPC great axis (mm) 8.00+5.64 11.67+£5.82 0.021

Data are given as 7 (%) or mean & SD. Group 1 had no further
findings; Group 2 had either additional abnormalities detected at
prenatal cerebral MRI, adverse clinical outcome, or both. *SEPC
not well depicted in two cases. CTN, caudothalamic notch.

histopathological analysis. In retrospect, it is probable
that connatal cysts have been mistaken for SEPC adjacent
to the lateral wall of the frontal horns. The term
‘germinolytic cysts’ refers to their pathogenesis, SEPC
developing in the remnants of the germinal matrix,
which can be found around the lateral ventricles until
about 15-16 gestational weeks. Thereafter, the germinal
matrix regresses spontaneously and remains only below
the frontal horns by 26-28 weeks?®. Typically, SEPC are
located below the frontal horns, in the caudothalamic
notch or lateral to the external angle of the frontal horns.
They should be differentiated from cysts of periventricular
leukomalacia that develop outside the germinal matrix,
in the periventricular white matter, and usually extend
above the external angle of the frontal horns'®.

The large number of cases (n=61) examined in our
institution during the 4-year study period is probably
due to our center being a tertiary referral center in fetal
medicine. Interestingly, the great majority (47/50) of SEPC
included in the study were diagnosed by US.

In accordance with data in the literature, we found
that the majority of isolated SEPC were associated with a
normal outcome!®1¢. The rate of pathological outcome in
our population was higher (21/50) than that of a screening
population, as would be expected in a tertiary referral
center. As reported previously, SEPC were observed in the
setting of congenital infections, chromosomal anomalies
and metabolic disorders?3-%°.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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We separated cases with apparently isolated SEPC,
i.e. cases with normal US findings other than SEPC, into
two groups: those with no further findings (Group 1),
and those with either additional abnormalities detected
at prenatal MRI, adverse clinical outcome, or both
(Group 2). Comparison of these groups allowed us to
identify sonographic features of SEPC that might indicate
underlying pathology.

We found a statistically significant difference between
the temporal and frontal (either below or adjacent to the
frontal horns) locations of SEPC with respect to outcome:
a temporal location was strongly associated with adverse
outcome. Occipital SEPC were observed in two cases
of CMYV infection (Group 3), with many other cerebral
abnormalities being identified at US. Posterior location
of SEPC in relation to the caudothalamic notch and an
SEPC great-axis length>9 mm were also significantly
more common in cases with adverse outcome. Tropism
of CMV for the germinal matrix is well documented
and SEPC are related to germinal matrix necrosis3®. If
damage of the germinal matrix occurs early, SEPC may
be observed in locations at which germinal matrix is still
present, e.g. posterior to the caudothalamic notch or at
the level of the temporal and occipital horns, and their
size might be larger than in physiological conditions.
Our findings are in agreement with those of other studies
reporting the overall excellent prognosis of SEPC, but
these studies considered only SEPC located adjacent to
the frontal horns, with no focus on the caudothalamic
notch31 733,

Atypical morphology of the SEPC is also a good marker
for underlying disease, suggesting that necrosis of the
germinal matrix resulting from an acute ischemic event
may generate SEPC presenting with ill-defined borders or
an unusual morphology.

The agreement between MRI and US was excellent
regarding SEPC location and morphological evaluation.
The assessment of SEPC size was more accurate with
US than it was with MRI as it was possible to delineate
properly the limits of each SEPC and to assess the presence
of septa between them. At MRI, multiple adjacent small
SEPC could be considered incorrectly as a single large
cystic lesion.

In bilateral multiple SEPC, a positive likelihood ratio
of 9 for a chromosomal abnormality or a congenital
infection has been reported in newborns®*. We did not
find this in fetuses.

At imaging follow-up, approximately 40% of SEPC had
disappeared, just over half remained unchanged in size and
very few SEPC had decreased in size. No SEPC increased
in size after birth. Postnatal evolution of SEPC is poorly
documented in the literature. It has been reported that the
majority of SEPC have resolved by the age of 12 months,
at US follow-up>*3!. SEPC are thus expected to regress
after birth if isolated and observed in an unremarkable
context. When considering the four infants with prenatal
brain MR abnormalities, the postnatal evolution of SEPC
in our study was variable as they disappeared in three
cases and remained unchanged in one.
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In our series, all children with normal prenatal US and
MRI findings (except for SEPC) had a favorable clinical
outcome, as described in previous studies*?*3!. Mild
neurological deficiencies have been described during the
first year®® but a normal neurodevelopmental status was
observed after a 3-year follow-up3®. The risk for neurode-
velopmental disability was significantly higher when SEPC
were associated with fetal infection, intrauterine growth
restriction, malformations and chromosomal aberrations
or persistence of the cysts during follow-up?. The three
children lost to follow-up in Group 2 showed marked
white-matter abnormalities at prenatal MRIL In one
case, postnatal MRI was performed and confirmed these
findings. Our results also showed that detection of extra-
cerebral abnormalities (e.g. hepatomegaly) associated
with SEPC should raise suspicion for an underlying
pathology.

The two main limitations of our study are the relatively
small number of cases and the short period of postnatal
follow-up, which did not allow us to draw definitive con-
clusions about the children’s neurodevelopmental status.

In conclusion, this observational study suggests that the
following criteria should raise suspicion of an underlying
pathology when apparently isolated SEPC are discovered
on prenatal cerebral US: SEPC great axis >9 mm;
SEPC located adjacent to occipital and temporal horns;
SEPC extending posterior to the caudothalamic notch;
SEPC presenting with atypical morphology. Under these
four conditions, further investigations, such as targeted
neurosonography and fetal brain MRI, should be offered
in order to rule out additional brain abnormalities.
Moreover, the detection of extracerebral abnormalities
associated with SEPC at prenatal US should lead to
further investigations.
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ABSTRACT

Objective To construct a reference range for a new
vertical measurement of the fetal head and to assess
whether its combination with fetal head circumference
(HC) can prevent the misdiagnosis of microcephaly in
fetuses with an acrocephalic-like head deformation.

Methods A new vertical cranial biometric measurement
was defined: the foramen magnum-to-cranium distance
(FCD), measured between the foramen magnum and the
upper inner cranial border along the posterior wall of the
brainstem. The measurement was performed in a precise
mid-sagittal plane using a three-dimensional multiplanar
display of a sagittally acquired sonographic volume of
the fetal head. The normal reference range was developed
by measuring 396 healthy fetuses of low-risk singleton
pregnancies between 15 and 40 gestational weeks. This
reference was applied to 25 fetuses with microcephaly
diagnosed prenatally (Fmic) based on HC >3 SD below
the mean for gestational age. We determined an optimal
FCD cut-off for combination with HC to detect all cases
found with microcephaly at birth (micB), while excluding
the fetuses with normal head circumference at birth
(NHCB), who were described postnatally as having an
acrocephalic-like cranial deformation.

Results In the healthy singleton fetuses, FCD increased
with gestational age, with a quadratic equation providing
an optimal fit to the data (adjusted R?=0.934). The
measurement could be assessed in 95.2% of cases. Of
the 25 cases diagnosed with Fmic prenatally, on the basis

of HC alone, 14 were micB and 11 were NHCB. We
observed FCD below the mean — 2SD for gestational age
in all 14 micB cases, but in only four of the 11 NHCB cases
(P < 0.003). An acrocephalic-like cranial deformation was
described at birth in five of the seven NHCB cases
with normal FCD. The mean+SD FCD Z-score of the
micB cases was significantly lower (P < 0.001) than that
of the false-positive ones: —3.85 +£0.96SD and —1.59
+1.458D, respectively. Based on HC measurement
alone, the positive predictive value (PPV) was 56%.
Combination of the HC and FCD criteria raised the PPV
to 78%, decreasing the number of false positives from 11
to four, without missing any of the 14 micB cases.

Conclusions Fetal vertical cranial biometric assessment
in the mid-sagittal plane is feasible and correlates well
with gestational age. In our series, a vertical cranial
deformation was a frequent cause of a false Fmic diagnosis
made on the basis of HC alone. Combination of the
new vertical cranial biometric measurement with HC
measurement can exclude these cases and thus improve
diagnostic accuracy for Fmic. Copyright © 2016 ISUOG.
Published by Jobn Wiley & Sons Ltd.

INTRODUCTION

Diagnosis of fetal microcephaly (Fmic) relies on the mea-
surement of an abnormally small fetal head circumference
(HC). However, the yield of the commonly used HC refer-
ence charts for prediction of microcephaly at birth (micB)
is considered low. In 1984, Chervenak et al.!, using a ref-
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erence range derived by Jeanty et al.%, reported that only
46% of fetuses whose HC was 3 or more SD below the
mean for gestational age were diagnosed with micB. In
our recent study>, we showed that the application of two
modern prenatal HC standards*® did not significantly
improve micB prediction compared with the application
of Jeanty et al.’s reference?. This low predictive accuracy
may result in misdiagnosis of Fmic, leading to unjustified
terminations of pregnancy in countries in which this is an
option.

There are many possible methodological reasons for the
discrepancy between intrauterine and postnatal HC mea-
surements which prevents accurate micB prediction7.
An acrocephalic-like (vertical) cranial deformation (due
to molding or craniosynostosis) may also lead to a false
diagnosis of Fmic®. We anticipated that the establishment
of a novel reference range for vertical cranial dimensions
would enable the exclusion of fetuses with a small HC
due to a vertical cranial deformity and would not miss
those with actual micB, since both the axial and vertical
dimensions should be significantly reduced in such cases.

The first goal of this study was to construct reference
data for vertical fetal head biometry in the mid-sagittal
plane. The second was to apply the new reference
to fetuses diagnosed as having Fmic based on HC
measurement, in order to exclude cases that are false
positive due to a vertical head deformity.

SUBJECTS AND METHODS

The normal growth of the fetal cranium in the mid-sagittal
plane was assessed in singleton pregnancies with low
obstetric risk, which had been referred to Bnai Zion
Medical Center, Haifa, Israel between 2009 and 2012
for a routine fetal sonographic examination in the second
or third trimester. Each fetus was examined once during
the study. Additional inclusion criteria were: documented
gestational age confirmed by early first-trimester ultra-
sound examination, normal fetal anatomy and growth
at the second-trimester scan, and fetal HC within the
normal range according to Jeanty et al.’s reference’.

Fetal sonographic examinations were performed with
Voluson E8, Voluson 730 Expert or Voluson 730 Pro
(GE Healthcare Ultrasound, Milwaukee, WI, USA)
machines equipped with three-dimensional (3D) probes.
A transvaginal approach was used in cases of cephalic
presentation and a transabdominal approach was used
for non-cephalic presentation. To achieve an exact
mid-sagittal cranial plane, we applied 3D multiplanar
reconstruction using 4D View software (GE Healthcare
Ultrasound). The fetal head was oriented in three
standard orthogonal planes: coronal, mid-sagittal and
axial (Figure la—c). The vertex was positioned upwards
in the mid-sagittal plane. To reduce the amount of
post-processing, all sonographic volumes were obtained
by sagittal acquisition above the fetal vertex.

A new cranial biometric measurement was defined in
the mid-sagittal plane: the foramen magnum-to-cranium
distance (FCD). The FCD was measured as the distance

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.
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between the level of the foramen magnum and the
upper inner cranial border, along the posterior wall
of the brainstem. The level of the foramen magnum
was demarcated by a line connecting between the
lower echogenic edges of the clivus and the occipital
bone (Figure 1b). Visualization of the internal cranial
borders was enhanced by activation of volume contrast
imaging mode, using a thin slice 1-2mm in thickness.
A vertical-to-axial ratio of the fetal skull dimensions was
defined (FCD/HC) and the reference range of this ratio
established according to gestational age.

The FCD was measured three times during each fetal
examination, and the mean of these three values was used
for analysis. One sonographic volume was examined in
each case and the mid-sagittal plane was obtained inde-
pendently for each measurement. All study measurements
were performed by a single observer (C.S.). Intraob-
server variability for FCD was expressed by the estimated
repeatability coefficient, defined as 1.96 x /2 x SD,
where the SD was assessed by subtraction of the mean of
each set of three observations from the individual mea-
surements in each case, with SD being calculated for the
resulting differences across all cases. Applying this analy-
sis one would expect the absolute difference between two
measurements in a subject to differ by no more than the
repeatability coefficient on 95% of occasions.

A Bland-Altman plot was used for analysis of the
interobserver agreement for FCD measurements in a
subgroup of 50 fetuses selected randomly and assessed by
second observer (K.H.). The same sonographic volumes
were examined by both observers. This analysis reveals a
scatterplot of difference between the paired measurements
against the mean values of the pairs, providing a mean
difference of the studied subjects and 1.96 x SD limits of
agreement.

The mean values and SDs of FCD and FCD/HC were
modeled as a function of the gestational week by curve
estimation analysis based on the highest adjusted R?
coefficient.

The developed references were then applied retrospec-
tively to cases with Fmic diagnosed at one of two medical
centers (Bnai Zion Medical Center, Haifa, Israel and
Wolfson Medical Center, Holon, Israel) between 2007
and 2014. Inclusion criteria for these cases were: fetus
with HC < mean - 3SD for gestational age according
to Jeanty et al.?; singleton pregnancy with gestational
age documented in the first or early second trimester;
available medical and imaging records made at diagnosis
of Fmic; electronically archived 3D sonographic volumes
appropriate for FCD measurement; and availability
of data on the occipitofrontal circumference (OFC) at
birth or fetal autopsy results. Confirmation of micB
was on the basis of either OFC < mean — 2SD? or brain
weight < mean — 2SD at autopsy'°.

The FCD and FCD/HC of the Fmic cases were
assessed using the developed reference ranges and cases
were divided into two groups: those confirmed as micB
postnatally and false-positive Fmic cases which had a
normal head circumference at birth (NHCB). The FCD

Ultrasound Obstet Gynecol 20165 47: 593-599.
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Figure 1 Measurement method for foramen magnum-to-cranium distance (FCD). Reconstructed three-dimensional (3D) multiplanar display
of a 28-week fetus demonstrating three standard orthogonal sections: coronal (a), mid-sagittal (b) and axial (c). The 3D volume was
obtained by sagittal acquisition above the fetal vertex, requiring only minimal post-processing to attain a precise mid-sagittal plane (b). FCD
was measured in the mid-sagittal plane (b) as the distance from the level of the foramen magnum (——-) to the inner upper border of the
cranium, along the posterior margins of the brainstem (BS). Arrowheads indicate lower edges of the clivus (CL) and occipital bone (OB),

defining the level of the foramen magnum.

and FCD/HC results were interpreted using Z-scores, thus
indicating by how many SDs a particular result differed
from the mean for gestational age.

We established optimal FCD and FCD/HC cut-offs
aimed at detecting all micB cases while minimizing the
number of false-positive Fmic cases by excluding NHCB
fetuses which were described after birth as having an
acrocephalic-like skull deformity. The positive predictive
values (PPV) of FCD and FCD/HC for micB detection
were assessed.

Data were analyzed using IBM SPSS statistics software
(IBM Corporation Software Group, NY, USA). The study
was approved by the Institutional Review Boards of the
participating hospitals (Helsinki Committee Protocol)
and informed consent for the sonographic examinations
was acquired.

RESULTS

In total, 396 fetuses were assessed for establishment of
normal vertical cranial biometry between 15 and 40

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

gestational weeks, and imaging quality was appropriate
for performance of measurements in 377 (95.2%) of these
fetuses.

The adjusted R2-based analysis of curve estimation
for FCD and FCD/HC showed optimal fit using a
second-degree polynomial equation (adjusted R? of 0.934
and 0.241, respectively). The modeled mean values and
SDs of FCD and FCD/HC, according to gestational week,
are provided in the graphs (also showing all normal cases)
and tables in Appendix S1. The supplementary material
also includes a Z-score calculator for FCD and FCD/HC
assessment.

FCD increased with gestational age (Figure 2), while
FCD/HC was relatively stable (Figure 3) and remained
practically constant (range, 0.285-0.275) after 24
gestational weeks.

The FCD repeatability coefficient was 0.31cm, i.e.
the difference between paired measurements by a single
observer in the same subject would not exceed this limit on
95% of occasions. Analysis of the interobserver agreement
for FCD measurements made by two observers in the
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Figure 2 Foramen magnum-to-cranium distance (FCD) in 25 cases
of fetal microcephaly (Fmic), plotted on FCD reference chart
according to gestational age. The FCD reference was modeled
according to second-order polynomial equations (Appendix S1).
The FCD values of the 25 Fmic fetuses are subdivided into those
diagnosed with microcephaly at birth (@) and those with normal
head circumference at birth (0), among which a case of coronal
craniosynostosis diagnosed with Saethre—Chotzen syndrome (SCS)
and four cases with cranial molding (M) are indicated. Mean and +
2SD are represented by solid and dashed curves, respectively.

same subjects (presented as Bland—Altman plot, Figure 4)
resulted in a mean difference of 0.3cm (95% limits of
agreement, —0.57 to 1.17cm). Intra- and interobserver
analysis of FCD/HC was not assessed, because only
a single HC evaluation was provided at each fetal
examination.

Twenty-five cases of Fmic were identified on the basis
of HC alone'; 14 of these were diagnosed as having micB,
and 11 as having NHCB. The mean gestational age at Fmic
diagnosis was 32.8+5.0 (range, 23-37.6) gestational
weeks, and this did not differ significantly between
micB and NHCB groups (32.9+4.9 and 32.7+5.3,
respectively).

The etiology could be determined in 13 of the 14
micB cases: primary microcephaly (z=1), malforma-
tion of cortical development (z=2), pontocerebellar
hypoplasia (n=2), cytomegalovirus fetopathy (n=2),
hypoxic/hemorrhagic brain damage (7= 1), fetal alcohol
syndrome (7 = 1), placental pathology (7 =2), syndromic
microcephaly (n=1) and Aicardi—Goutiéres syndrome
(n=1).

An explanation for the discrepancy between the small
fetal HC and normal OFC at birth was established in
10 of the 11 NHCB cases: five had a vertical cranial
deformation diagnosed at birth (coronal craniosynostosis
in one case and skull molding in four), three had Chiari-II
malformation with an open spina bifida and in two there
was placental pathology.

Termination of pregnancy was performed in 16 (64%)
Fmic cases on parental request and according to the
particular country’s regulations (nine and seven fetuses
from the micB and NHCB groups, respectively). Three
of the seven terminated NHCB fetuses had a vertical

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 3 Foramen magnum-to-cranium distance/head
circumference ratio (FCD/HC) in 25 cases of fetal microcephaly
(Fmic), plotted on FCD/HC reference chart according to gestational
age. The FCD/HC reference was modeled according to
second-order polynomial equations (Appendix S1). The FCD/HC
values of the 25 Fmic fetuses are subdivided into those diagnosed
with microcephaly at birth (@) and those with normal head
circumference at birth (0), among which a case of coronal
craniosynostosis diagnosed with Saethre—Chotzen syndrome (SCS)
and four cases with cranial molding (M) are indicated. Mean FCD,
=+ 1SD and =+ 2SD are represented by solid, dotted and dashed
curves, respectively.
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Figure 4 Bland—Altman plot showing interobserver agreement of
foramen magnum-to-cranium distance (FCD) measurements in a
subgroup of 50 fetuses selected randomly and assessed by two
observers (C.S. and K.H.). For each fetus the difference between the
paired measurements is plotted against the mean values of the pair
(o). The mean difference (—) and 95% limits of agreement (——-)
are indicated.

cranial deformity (one with craniosynostosis and two
with molding); the brain was anatomically normal on
postmortem examination in all three. Three of the
other four terminated NHCB fetuses had Chiari-II
malformation and in one case the parents declined
autopsy.

The Z-scores for HC, FCD and FCD/HC are presented
according to group in Table1. The micB fetuses had
significantly lower FCD and FCD/HC Z-scores compared
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Table 1 Z-scores of axial and vertical cranial biometry in 25
fetuses with a diagnosis of microcephaly (Fmic) and in the same
fetuses, subdivided according to whether microcephaly was then
confirmed at birth (micB) or there was a normal head
circumference at birth (NHCB)

Fmic micB NHCB
Reference (n=25) (n=14) (n=11)
HC z-score* ~3.36(0.49)  —3.51(0.55)t —3.17(0.33)t
FCD z-score —2.86(1.64) —3.85(0.96)f —1.59 (1.45)%
FCD/HC z-score  0.49 (1.26)  —0.87 (0.83)§  0.90 (1.21)§

Data are presented as mean (SD). *According to Jeanty et al.?.
Results of micB and NHCB cases were compared by #-test for
independent samples: 1P =0.07; P =0.0011; §P=0.0011. FCD,
foramen magnum-to-cranium distance; Fmic, fetal microcephaly;
HC, head circumference; micB, microcephaly at birth; NHCB,
normal head circumference at birth.

with those with NHCB (P = 0.0011; ¢-test), while the HC
Z-scores did not differ significantly between the groups.

A scatter chart of the FCD results for micB and
NHCB cases relative to the normal FCD growth curves
is provided in Figure 2. In all 14 micB cases, the FCD
was more than 2 SD below the mean for gestational age,
while only four of the 11 (36%) NHCB fetuses had FCD
below this cut-off (P <0.003, x2 test). This indicates
that, in contrast to NHCB cases, the head size in micB
cases is significantly smaller in both axial and vertical
measurements.

Figure 3 illustrates FCD/HC for micB and NHCB
fetuses plotted on the corresponding reference chart.
Eighty-six percent (12/14) of the micB cases are located
below the mean for gestational age, compared with only
18.2% (2/11) of those with NHCB (P=0.0037, x2
test), suggesting that actual microcephaly is associated
with fetal head flattening (a small vertical-to-axial ratio),
whereas the false-positive cases (NHCB) tended to have a
FCD/HC value higher than the mean. The corresponding
proportions of micB and NHCB fetuses located below
stricter FCD/HC cut-offs were: 92.9% wvs 36.4% for
cut-off of mean+1SD (P=0.031, x?2 test); and 100%
vs 81.8% for mean+ 1.5SD (P =0.36, x?2 test).

All five cases in the NHCB group with an
acrocephalic-like skull deformation noted at neonatal
examination or autopsy had a normal FCD (Figure 2), a
FCD/HC above the mean + 1SD (Figure 3) and estimated
fetal weight below the 10™ percentile!'. One of these
five cases, with coronal craniosynostosis, was diagnosed
as having Saethre—Chotzen syndrome (Figure 5a—c); four
were anatomically normal fetuses with cranial molding
(Figure 5d-f).

Using Jeanty et al.’s reference for Fmic diagnosis (HC
3SD below the mean)?, micB was confirmed in only 14 of
the 25 fetuses, resulting in a PPV of 56%. Combination
of this HC reference with our optimal FCD cut-off
(mean — 2SD) improved prediction of micB, identifying
only 18 of the 25 fetuses as Fmic, giving an improved
PPV of 78%, without missing any of the micB cases.
Application of this FDC cut-off also excluded all the
NHCB cases with a vertical cranial deformity.

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.
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In all except one of the 14 micB fetuses, FCD/HC
was below the mean+ 1SD. The exception (associated
at 25 gestational weeks with severe early symmetrical
intrauterine growth restriction, caused by multiple
placental infarctions) had an FCD/HC Z-score of + 1.5.
Application of this cut-off (aimed at detection of all
micB cases) resulted in a PPV of only 61% and to
exclusion of only two of the five NHCB cases with
acrocephalic-like skull deformation. However, with use
of a less strict FCD/HC cut-off (mean + 1SD), detection
of micB improved to 76.5% (missing only one micB
case) and all five NHCB cases with acrocephalic-like
skull deformation were excluded. We therefore suggest
mean + 1SD as the preferred FCD/HC cut-off.

Improvement in PPV did not reach statistical signifi-
cance for either FCD or FCD/HC, a finding which we
attribute to the small size of the groups.

DISCUSSION

The accurate diagnosis of Fmic is important in order
to differentiate fetuses that will be born with an
abnormally small HC and with associated developmental
abnormalities from those who will be normocephalic and
develop normally!2,

Fmic, defined as HC 3SD below the mean, can be
expected in 0.1% of pregnancies, if HC is distributed
normally. However, the actual occurrence of such
low HC measurements is probably higher. Based on
reanalysis of the data of a recently published large Israeli
population study on fetal head growth® (courtesy of
Dr Etty Daniel-Spiegel), 23 of 11169 (0.2%) singleton
pregnancies with certain dates and no fetal anatomical
malformations or known syndromes were found to have
HC < mean — 3SD, according to the established reference
of Jeanty etal’. Only 56% (13/23) of these were
diagnosed as being microcephalic postnatally, confirming
that the accuracy of the established fetal HC-based
prediction of micB is low.

A diagnosis of Fmic is challenging: we demonstrated
recently? that the established! and two modern*’ HC
references all resulted in significant overdiagnosis of
Fmic (by ~40%), leading to erroneous terminations of
apparently normal fetuses. We suggested that better
prediction could be achieved by: using stricter HC
cut-offs, and taking into account additional factors such
as a family history of microcephaly, the presence of
small-for-gestational age and the association of fetal
anomalies. The application of these criteria led to an
improvement in micB prediction, but it was still associated
with a high false-negative rate, thus precluding detection
of all micB cases>.

Issues regarding HC measurement methodology could
explain some of the imprecision in Fmic diagnosis;
however, our results indicated that an abnormal fetal
cranial shape could also affect the diagnostic accuracy>.
This led to our development of a novel reference for
vertical cranial biometry. In this study, we applied
the new reference to Fmic fetuses and proved that
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Figure 5 Vertical cranial deformations mimicking fetal microcephaly (Fmic). (a—c) Case with false-positive diagnosis of Fmic in 30

gestational week, caused by bilateral coronal craniosynostosis (Saethre—Chotzen syndrome). The fetus had normal cranial biometry and
anatomy at the 22™-week examination. At diagnosis of Fmic, the head circumference (HC) Z-score was —3 (a). The pregnancy was
terminated on parental request 2 weeks later. The autopsy image (c) shows an acrocephalic cranial deformation. In retrospect, the foramen
magnum-to-cranium distance (FCD) (b) and FCD/HC Z-scores were +1.1 and +3.2, respectively, both far above our newly developed
cut-offs for microcephaly at birth (micB). (d—e) One of four false-positive cases of Fmic, characterized by acrocephalic-like cranial molding.
Fetal biometry was normal at 23 weeks. At diagnosis of Fmic (37 week) the HC Z-score was —3.1 (d). The pregnancy was terminated on
parental request. On retrospective evaluation, the FCD and FCD/HC Z-scores were —1.5 and +1.1, respectively, both not suggestive of
micB. On autopsy (e) a vertical cranial deformation was noted. There was no premature closure of the cranial sutures and the brain weight

was appropriate-for-gestational age.

we could differentiate efficiently between micB cases
with FCD <mean-2SD and FCD/HC <mean+ 1SD
and NHCB cases presenting normal FCD and relatively
high FCD/HC values (above mean+ 1SD). Seventy-one
percent (5/7) of the NHCB cases excluded by the FCD
cut-off were described by the neonatologist/pathologist
as having an acrocephalic-like skull deformity. We
speculate that the two remaining cases with high FCD/HC
probably also had a vertically deformed head, but this
subjective observation was not described by the examining
physician.

A sloping fetal forehead, depicted in the mid-sagittal
plane of the fetal face, is indicative of Fmic!3*. This
interpreter-dependent sign is explained by a small cranial
height (especially in the frontal region), which is typical
of Fmic. In cases with difficult or impossible sonographic
imaging of the facial profile, our reference ranges enable
evaluation of the vertical cranial dimension.

The significantly different distribution of the micB and
NHCB fetuses relative to our newly developed cut-offs
(Figures 2 and 3) resulted in a higher PPV for micB
diagnosis (78 % for FCD with HC and 76.5% for FCD/HC

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

with HC) compared with 56% using HC alone. None of
the 14 micB cases was missed using our optimal FCD
cut-off. However, our Fmic series is relatively small due
to the rarity of a measurement of HC < mean — 3SD, and
therefore the improvement in predictive performance of
the FCD and FCD/HC cut-offs did not reach statistical
significance. If the study had included 55 Fmic cases
(assuming a similar distribution of the HC and FCD
values), the improvement in PPV would have been
significant.

Our series indicates that an acrocephalic-like skull
deformity is frequent (5/11), and explains at least
45% of false Fmic diagnoses. The vertical deformation
was expressed as FCD and FCD/HC values above our
newly developed cut-offs. Of note, all five fetuses were
small-for-gestational age, suggesting that, in these cases,
the vertical cranial deformation of a small (but ultimately
not microcephalic) HC, led to false suspicion of Fmic,
which could be prevented by the application of these
novel reference ranges. We assume that in fetuses with HC
within the normal range, the effect of the vertical cranial
deformation on the compensatory reduction of HC would
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not result in suspicion of Fmic, although this assumption,
as well as use of vertical cranial biometry in Fmic,
craniosynostosis and molding needs to be investigated
further.

The reason for there being a normal HC measurement
at birth but a small HC measured in utero in cases with
a vertical skull deformity stems from the difference in
measurement techniques. Fetal HC is assessed according
to anatomical brain landmarks in the axial transthalamic
plane, which depicts the cavum septi pellucidi anteriorly,
the thalamus and the third ventricle centrally, and
the tentorial hiatus posteriorly!; the postnatal HC is
measured as the maximum circumference of the head,
from just above the glabella area to the area near the top
of the occipital bone (opisthocranion)'®. Since in most
cases of vertical cranial elongation there is also a posterior
skull inclination (Figure 5f), the postnatal measurement
will be oblique, adjusted to the head shape, thus giving a
larger result.

We found that FCD measurements were possible in
almost all fetuses. However, inappropriate head position,
parietal bone acoustic shadowing, maternal obesity and
advanced gestational age prevented adequate imaging in
4.8% of the cases.

Although we used 3D multiplanar sonography, with
only minimal post-processing, in order to achieve precise
mid-sagittal fetal head imaging, this plane is attainable
in experienced hands using two-dimensional ultrasound,
allowing assessment of vertical cranial biometry according
to the developed reference without the need for 3D
imaging.

Our study had some limitations. It was designed to
construct a reference for vertical cranial biometry and to
evaluate its role in improvement of the diagnostic accuracy
of Fmic. The Fmic study group was based on a relatively
small cohort due to the rarity of these cases. Association
of FCD and FCD/HC with additional signs of Fmic (such
as sloping forehead) was beyond the scope of this study.
The association between the vertical cranial measurements
and the possible development of postnatal microcephaly
in NHCB cases was not addressed. Furthermore, the effect
of small FCD and FCD/HC on cognitive development was
not studied.

In conclusion, assessment of FCD and FCD/HC as
part of the Fmic work-up can improve the accuracy of
prediction of micB by exclusion of NHCB cases with a
vertical head deformation. According to our findings, this
is a frequent cause of false-positive diagnosis of Fmic.
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Introduction

Although the most important feature warranting investi-
gation of central nervous system (CNS) disorders during
prenatal examination is ventriculomegaly, anomalies of
cephalic biometry are also an important clue to the
presence of fetal cerebral pathology. In routine prac-
tice, any decrease in cephalic biometry to < 5™ percentile
raises suspicion of underlying microcephaly. However,
as discussed below, distinction must be made between
suspicion of microcephaly and true microcephaly. True
fetal microcephaly (as defined in Tool 2) is associated, in
many prenatal cases, with morphological anomalies!™3.
It may be considered as part of a complex disorder,
such as syndromes with or without chromosomal anoma-
lies, or it may be associated exclusively with cerebral
anomalies'3, being related either to primary cerebral
organization disorders affecting all steps of CNS develop-
ment, or to clastic events due to ischemohemorrhagic or
infectious conditions; the latter is of particular interest
currently, in light of the recent emergence of micro-
cephaly related to Zika virus infection! 5. Primary cere-
bral organization disorders include disorders of neural
tube development (neural tube defect), prosencephalon
cleavage (holoprosencephaly), precursor cell proliferation
(microcephaly with simplified gyral pattern), neuroblast
migration (lissencephaly) and corticogenesis (polymicr-
ogyria). In all these cases, microcephaly is associated
with structural CNS anomalies. However, in some cases,
microcephaly can be truly isolated, i.e. with no associated
structural anomalies, often being related to familial dis-
orders and transmitted mostly as an autosomal recessive
trait!. In such cases, prenatal cephalic biometry is usually
within the normal or subnormal limits and microcephaly
develops after birth, with dramatic worsening of cephalic
biometry during the first years of postnatal life®”. Such
isolated familial microcephaly is rarely of concern when
facing isolated microcephaly in the prenatal period.

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

As published previously for ventriculomegaly®, we
outline here our systematic approach to the management
of patients referred to our institution due to an
unexplained decrease in cephalic biometry. Our approach
is based on a set of diagnostic tools to diagnose and
elucidate a decrease in fetal cephalic biometry, which
may lead to suspicion of microcephaly with underlying
CNS structural anomalies. It should be noted that its
application should always be guided according to the
clinical context. These tools are tailored for ultrasound
examination, as recommended by Persutte’ and Kurtz
et al.'%, but can also be used for magnetic resonance
imaging (MRI) investigation. Indeed, this etiological
approach to the diagnosis of microcephaly is a perfect
illustration of the potential contribution of MRI to
the investigation of CNS anomalies, as ultrasound is
often limited in more severe cases as a result of
poor acoustic windows due to the narrowing of the
sutures. In such cases, MRI undoubtedly offers more
information than does ultrasound for cerebral anatomical
analysis, especially regarding complete gyration and
pericerebral space examination during the third trimester
of pregnancy!!. Finally, we should emphasize that this
article is intended not as an epidemiological study, but as
a proposal to conduct a systematic analysis of the CNS
when facing unexplained decreased cephalic biometry,
based on a selection of pedagogical cases.

Tool 1: Context

As for unexplained ventriculomegaly, the clinical context
should always be considered when facing an unexplained
decrease in cephalic biometry. For the etiological work-up
the context is crucial, as factors underlying microcephaly
can be environmental, genetic or of unknown origin®3.
Clinical data such as unexplained fever during pregnancy,
drug use, alcohol consumption, risk factors for vascular
clastic lesions (e.g. monochorionic twin pregnancy)
and maternal phenylketonuria should be scrutinized
and integrated into the work-up in order to diagnose
environmental microcephaly. Consanguinity and cephalic
biometry of both siblings and parents may also provide
important clues in the diagnosis of microcephaly as well
as of variants in cephalic biometry of genetic origin.

The context should also include a complete analysis
of extracephalic biometry. This may help to differentiate
between a predominant or exclusive decrease in cephalic
biometry related to an encephaloclastic mechanism, such
as that encountered in cytomegalovirus (CMV) infection
or lissencephaly Type 3, and global reduction of fetal
biometry, such as in severe global intrauterine growth
restriction.
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Tool 2: Determine severity of decreased cephalic
biometry and follow up longitudinally

Unlike ventriculomegaly, for which there is consensus on
its prenatal definition, there is no absolute threshold for
the definition of prenatal microcephaly. However, as has
been stated by Pilu ez al.? and Deloison et al.'?, the smaller
the head dimension, the greater the probability of micro-
cephaly with underlying pathology. For pediatricians,
‘true’ microcephaly refers to cephalic biometry > 3 SD
below the mean for age and sex, as also reported in the
prenatal period by Chervenak et al.>. However, the issues
regarding a positive diagnosis of microcephaly are com-
pletely different between the pre- and postnatal periods.
In the postnatal period, the positive diagnosis based on
3SD below the mean is a clinical threshold that leads
to investigation of the underlying etiology by adequate
work-up, this being otherwise indicated according to
the clinical status and family history of the patient if
the threshold is not reached. In the prenatal period, any
decrease in cephalic biometry should be investigated in
order to diagnose underlying CNS pathology as early
as possible, even before reaching 3 SD below the mean,
which is more likely to occur late in pregnancy at a
time when termination of pregnancy is not permissible in
many countries or the obstetric risks are greater.

The use of percentiles for routine prenatal sonography
leads to suspicion of fetal microcephaly when cephalic
biometry is below either the 5™ or 3 percentile, depend-
ing on the reference being used (the choice of appropriate
reference is beyond the scope of this article). It should
be noted that the 3™ percentile corresponds to approx-
imately 2 SD, while 3SD corresponds to 0.2 percentile.
Thus, defining microcephaly as cephalic biometry < 3"
percentile leads to significant overdiagnosis of fetal micro-
cephaly, including 3% of the general population, whereas
only 0.2% of the general population are included using a
limit of 3 SD'%13, This accounts for the fact that prenatal
head circumference (HC) between 2 SD and 3 SD below
the gestational mean is not a particular risk factor for later
abnormal neuropsychological development, as has been
shown by Stoler-Poria et al.'*. Thus, we propose that
one should differentiate in the prenatal period between
two different HC thresholds, i.e. a cut-off for ‘diagnosis of
microcephaly’, defined as fetal HC > 3 SD below the mean
for gestational age, and a cut-off for ‘prompting investiga-
tion’, defined as fetal HC > 2 SD below the mean, which
should lead to prompt neurosonographic examination, as
outlined in this article.

It should be emphasized also that the use of percentiles
is not suitable for evaluation of the severity of decrease
in cephalic biometry as it is based on the distance to the
mean, thus, use of either SD or Z-scores is required!2.
In routine practice, the distance to the mean can also be
expressed using the growth delay (in number of gestational
weeks) between the theoretical gestational age and the
gestational age corresponding to the 50™ percentile of
the observed HC. For example, for a gestational age of
X weeks, if the HC corresponds to the 50 percentile of

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.
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Table 1 Correlation between head circumference +2SD from the
mean and growth delay according to gestational age (from Hadlock
etal’d)

Gestational age (weeks) Growth delay (weeks)

12-18 +1.3
18-24 +1.6
24-30 +2.3
30-36 +2.7
36-42 +3.4

X - 3 weeks, the growth delay is 3 weeks. The correlation
between growth delay (in number of weeks) and SD of HC
has been presented by Hadlock et al.'> (Table 1). Correct
expression of the severity of the decrease in cephalic
biometry is an important issue as, in some particularly
severe cases, it can be a clue to etiology.

As mentioned above, it should be noted that decrease
in cephalic biometry can be a progressive process.
In some cases, microcephaly can be detected in the
second trimester, especially in cases of spina bifida and
in some syndromic entities, particularly chromosomal
anomalies'?. However, microcephaly cannot be excluded
by normal biometry during the second trimester, as shown
by Bromley and Benacerraf'®, and can be identified more
easily or exclusively during the third trimester, in cases
of underlying late developmental or clastic anomalies,
respectively (Figure S1). Because of this potential for
late manifestation of microcephaly, particular care should
be taken when cephalic biometry is close to the 3
percentile during the second trimester, especially if there
is a discrepancy between small HC and extracephalic
biometry. In such cases, close follow-up of the cephalic
biometry and careful cerebral sonographic investigation
using the following tools may help in diagnosing or
excluding any underlying CNS anomalies, which may
be more obvious during late pregnancy.

Tool 3: Investigate the pericerebral space

As we have previously maintained?®, the pericerebral space,
which is often overlooked, should in fact be included in
a systematic approach to patients with an unexplained
decrease in cephalic biometry, even though, to date, this
remains subjective. Investigation of the pericerebral space
is useful for accurate evaluation of the severity of any
decrease in cephalic biometry and even, in some cases,
for positive diagnosis of microcephaly, as well as for
understanding the underlying mechanism. As diagnosis of
microcephaly is based on sonographic measurement of the
HC, by means of an ellipse drawn on or around the cal-
varium (depending on the reference being used), it follows
that a decrease in this sonographic measurement should
lead to a diagnosis of ‘microcrania’. In fact, ‘microcephaly’
refers to reduction of the cerebral volume (or microen-
cephaly), as defined by neuropathologists. In most cases,
reduction of the sonographic cephalic measurement, or
microcrania, based on the circumference of the calvar-
ium, reflects underlying microencephaly. However, as

Ultrasound Obstet Gynecol 2016; 48: 16-25.



18 Guibaud and Lacalm

Figure 1 Fetal imaging in a patient referred at 27 gestational weeks due to unexplained enlargement of pericerebral space. Cephalic biometry
was close to 50™ percentile (head circumference, 270 mm). Axial sonographic images (a,b) confirming enlargement of the pericerebral space,
which was more pronounced close to the corona radiata (¥), associated with abnormal smooth cortical surface (arrows). Coronal (¢) and
axial (d) T2-weighted fetal magnetic resonance images (MRI) demonstrating both a major diffuse increase in pericerebral space and diffuse

anomalies of the cortical ribbon, which show lack of gyration and an undulated cortical surface suggestive of diffuse polymicrogyria.
Cephalic biometry at MRI gave biparietal and fronto-occipital diameters of —3 SD and —35 SD, respectively, according to the atlas of
Garel®3. Pathological examination confirmed both microcephaly, as suggested by a cerebral weight of 140 g (< 5™ percentile), and diffuse
polymicrogyria, associated with neuronal and leptomeningeal cortical heterotopia, suggestive of a diffuse clastic mechanism (not shown).

stated clearly by Pilu et al.3, measurement of the calvarium
represents, at best, a rough estimate of cerebral develop-
ment. Depending on the size of the pericerebral space,
the sonographic HC does not always reflect the under-
lying microencephaly, and, indeed, we have encountered
cases in which a normal or subnormal sonographic HC
is associated with severe underlying microencephaly due
to markedly enlarged pericerebral space, as illustrated in
Figure 1. In such cases, evaluation of the cerebral volume
using MRI or, at least, use of MRI cerebral measurements
(biparietal and fronto-occipital diameters) is more accu-
rate than is sonographic cephalic measurement (Figure 1).

Investigation of the pericerebral space may also provide
an etiological clue to diagnosis of the underlying cerebral
pathology. In most severe encephaloclastic lesions, the
pericerebral space is enlarged, as illustrated by the more

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

severe cases of CMV infection (Figure 2) or diffuse
vascular ischemic lesions, as reported by Pilu etal.’.
Such enlargement of the pericerebral space is also typical
in lissencephaly Type3, a developmental condition in
which microcephaly is associated with akinesia, due to
neuroapoptosis that leads to a marked neuronal depletion
of the entire CNS with subsequent severe cerebral
atrophy!” (see Figure S6). In some vascular clastic events,
the enlargement of the pericerebral space can be more
limited and localized, adjacent to the focal clastic lesion.

Tool 4: Look for the Sylvian fissure as the main marker
of gyration

As the Sylvian fissure represents the main landmark for
gyration, its analysis should be integrated into the imaging
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Figure 2 Fetal imaging in a patient referred at 29 gestational weeks due to unexplained ventriculomegaly, associated with significant
reduction in cephalic biometry (head circumference corresponded to the S0 percentile at 25 weeks, equivalent to a decrease of between
—3SD and —4 SD). (a) Axial supratentorial sonographic image showing an echogenic periventricular band, echogenic foci suggestive of
calcifications, an abnormal largely open Sylvian fissure (arrows) and increased pericerebral space (¥). (c) Global increased pericerebral space
was confirmed on T2-weighted magnetic resonance imaging in the axial plane, which also showed thinning of the parenchymal cerebral
mantle more clearly. Axial sonographic (b) and T2-weighted magnetic resonance infratentorial (d) images demonstrating a major decrease in
transverse cerebellar diameter (22 mm), suggestive of severe cerebellar hypoplasia. The combination of an ‘infectious clastic pattern’ with
increased pericerebral space, diffuse cortical dysplasia (polymicrogyria) and cerebellar hypoplasia was highly suggestive of encephaloclastic
cytomegalovirus fetopathy, which was confirmed by the biological work-up.

work-up of the fetal brain. Gyration should be scrutinized
carefully when there is any decrease in cephalic biometry
or true microcephaly, for both diagnostic and etiological
purposes. This requires knowledge regarding the shape
of the Sylvian fissure in the axial plane, according
to gestational age. We published previously a reliable
subjective method with which to assess the shape of the
Sylvian fissure between 22 and 32 weeks of gestation
using a simple score-based evaluation of operculization
of the posterior part of the fissure in a standardized view
on an axial cerebral plane'®!” (Figure S2). Using this
method in routine prenatal imaging can help in the early
diagnosis of anomalies of operculization. These anomalies
can reflect underlying cortical developmental or clastic
lesions, such as diffuse polymicrogyria (Figures 2 and

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

S1) or lissencephaly Type 1 (Figure 3)'°, which are, in
most cases, associated with microcephaly, but can also
reflect extracortical developmental anomalies, especially
abnormal cerebral volume. We have shown that lack of
development of the anterior margin of the Sylvian fissure
may be a clue to frontal hypoplasia and therefore be
diagnostic of microcephaly, as also shown by Goldstein
etal.?® and Persutte etal.”! (Figure 4c and d).

Tool 5: Do not assume that a smooth cerebral surface
indicates lissencephaly

It should be noted that a smooth cerebral surface with
complete absence of folding or with reduced gyri and
abnormal shallow sulci on sonographic examination does
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Figure 3 Fetal imaging in a patient referred at 28 gestational weeks due to ventriculomegaly and severe reduction in cephalic biometry.

(a) Axial sonographic image showing an echogenic periventricular area and abnormal operculization of the Sylvian fissure, demonstrating
rudimentary and moderate ventriculomegaly. Cephalic biometry corresponded to the SO™ percentile at 24.5 weeks, equivalent to a decrease
close to —3 SD. (b) Coronal T2-weighted magnetic resonance image (MRI) confirming suspicion of gyral anomalies, demonstrating a typical
figure-of-eight-shaped appearance of the brain, with a thick cortex and smooth surface suggestive of lissencephaly Type 1, which was
confirmed on postnatal MRI. Note that the echogenic periventricular area on sonographic examination was associated with abnormal waves

of neuronal migration, as shown by MRI.

not necessarily indicate a diagnosis of lissencephaly.
Although the term ‘lissencephaly’ means ‘smooth brain’
and refers to a paucity of gyral and sulcal development on
the surface of the brain, it in fact has a particular etiology
and histological characteristics*?. Classic lissencephaly
(or lissencephaly Type 1), the most common form, refers
to a smooth brain associated with a thick or double
cortex, with a specific histological layered structure;
it is related, in two-thirds of cases, to either LIS1
(Figure 3) or DCX gene mutation, or, in a few cases,
to a mutation in one of the tubulin genes, mostly
TUBA1A?3. However, the sonographic appearance of
‘smooth brain’ is also encountered in microcephaly with
a simplified gyral pattern, which displays a normal or
thin cortical ribbon (Figures 4 and S3), or with diffuse
polymicrogyria (Figure 5)*. In these two entities, related
to deficient precursor cell proliferation and cortical
organization disorders, respectively, the putative genes
involved differ completely from those involved in classic
lissencephaly. Therefore, when faced with a smooth brain
on sonographic examination, one should avoid using
the term ‘lissencephaly’, because, in the absence of any
confirmation by neuropathological examination, doing
so may lead to inadequate genetic testing (for example,
testing for LIST or DCX gene mutation in a case of
microcephaly with simplified gyral pattern, related in
fact to one of the 12 currently known genes for this
entity, such as MCPH1 or ASPM). In such cases, fetal
MRI can be of help, enabling differentiation between
classic lissencephaly and microcephaly with simplified
gyral pattern or diffuse polymicrogyria on the basis of an

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

analysis of cortical thickness (cortical ribbon) that cannot
be achieved using ultrasound*!!.

Tool 6: Look for clastic events

Diffuse cerebral clastic events, of either primitive vascu-
lar or infectious origin, result in cerebral atrophy and
subsequently in both increased pericerebral space and
ventriculomegaly. Therefore, as stated for the imaging
work-up of unexplained ventriculomegaly®, one should
look systematically for a clastic pattern when faced with
an unexplained decrease in cephalic biometry. The clas-
tic pattern associated with infection is similar to that
described for ventriculomegaly. This ‘infectious clastic
pattern’ can include a periventricular echogenic halo
in the subependymal zone, which may be associated
with germinolysis cysts, periventricular or parenchymal
calcification, or pathognomonic cystic changes poste-
rior to the occipital horn or anterior to the temporal
horn®. This pattern can also be associated with an
abnormal Sylvian fissure, suggestive of polymicrogyria,
and, as mentioned previously, with enlarged pericere-
bral space adjacent to the abnormal cortical surface
(Figure 2). Such a clastic pattern is typically encountered
in severe CMV infection?*; it has also been described very
recently, in Brazil, in Zika viral intrauterine infection, a
mosquito-borne disease related closely to yellow fever,
dengue fever and West Nile and Japanese encephalitis’.
In the two cases reported by Oliveira Melo et al.’, the ver-
tical intrauterine transmission of this viral infection led to
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Figure 4 Fetal and postnatal imaging in a patient referred at 26 gestational weeks due to both a decrease in cephalic biometry and

non-identification of the corpus callosum, with no context of consanguinity. At first sonographic examination, microcephaly was confirmed,
with head circumference (HC) corresponding to the 50 percentile at 23 weeks, equivalent to a decrease of 2.5 SD, associated with normal
extracephalic biometry. Axial (a) and mid-sagittal (b) sonographic images showing both smooth cortical surface with a lack of gyral pattern
(a) and presence of thin complete corpus callosum (b). Sonographic follow-up at 28.3 weeks demonstrated severe, non-progressive
microcephaly (delayed by 3 weeks according to cephalic biometry) without any changes in gyral pattern (smooth cortical surface) on axial
sonographic image (not shown). These findings were confirmed on axial (c) and coronal (e) T2-weighted fetal magnetic resonance imaging
(MRI), which demonstrated smooth cortical surface, very few sulci and normal thickness of cortical ribbon. Note lack of operculization of
Sylvian fissure and absence of superior temporal sulcus (¢) compared with control at 28 weeks on axial T2-weighted fetal MRI (arrow) (d),
in particular an absence of any anterior margin of the Sylvian fissure related to marked frontal hypoplasia, as stated in Guibaud etal.'”.
Sagittal T2-weighted fetal MRI (f) confirmed presence of a thin corpus callosum and revealed suspicion of a slight decrease in volume of the
pons. Prenatal imaging data were suggestive of microcephaly with a highly simplified gyral pattern. After prenatal counseling, the parents
elected to continue the pregnancy despite high probability of poor cognitive outcome. (g,h) Postnatal MRI at 8 days confirmed the diagnosis

of microcephaly with a highly simplified gyral pattern (HC, 28.5 cm at term) as well as pontine hypoplasia.

fetal microcephaly and brain damage, including calcifica-
tions, suggestive of an underlying infectious condition,
but also severe damage of the cerebellum, brainstem
and thalami. In one case, bilateral cataracts, intraoc-
ular calcifications and unilateral microphthalmia were
demonstrated.

The vascular clastic pattern differs slightly from that
described for unexplained ventriculomegaly. For the lat-
ter, we underlined the hemorrhagic changes of both
ventricular wall and lumen, which lead to the diagno-
sis of the underlying ischemohemorrhagic event®. In the

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

case of a decrease in cephalic biometry, the clastic vascular
pattern includes mainly late anatomical changes related
to diffuse ischemic events. Even if both hemispheres
are involved, this includes asymmetrical parenchymal
changes, such as abnormal parenchymal echogenicity,
cavitations, parenchymal cleft, calcifications, asymmetri-
cal ventriculomegaly and enlargement of the subarachnoid
space (Figures 6 and S4), as well as diffuse and asym-
metrical cortical anomalies®’. This pattern is typically
encountered in severe brain damage following fetal death
in monochorionic twin pregnancy.
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Figure 5 Fetal imaging in a patient referred at 29 gestational weeks due to a major decrease in cephalic biometry within the context of
consanguinity, associated with medical history of neonatal death of the mother’s first baby, with a prenatal imaging diagnosis of significant
reduction in cephalic biometry related to ‘lissencephaly’. This latter diagnosis was not confirmed by pathological examination because the
parents declined autopsy. All genetic testing for classic lissencephaly was negative. Sonographic examination performed in our department
confirmed major microcephaly with head circumference corresponding to the S0™ percentile at 25 weeks, equivalent to a decrease to
between —3 SD and —4 SD, associated with normal extracephalic biometry. (a) Despite poor acoustic windows due to narrowing of sutures
related to microcephaly, axial sonographic examination showed a smooth cortical surface as well as a very rudimentary Sylvian fissure.
Axial (b) and coronal (c,d) T2-weighted fetal magnetic resonance (MR) images demonstrated abnormal gyration with undulated and mildly
thickened cortical ribbon, suggestive of diffuse polymicrogyria. After prenatal counseling, the parents elected for termination of pregnancy
due to high probability of severe postnatal outcome. Neuropathological examination confirmed diffuse polymicrogyria at macroscopy (e)
and showed parietal arterial calcifications destroying the media (f, arrows), which was replaced by fibroblastic proliferation, leading to
reduction of vascular lumen on microscopy. These findings were suggestive of diffuse polymicrogyria related to vascular insult, most likely
due to underlying genetic vasculopathy, in keeping with the medical history. Interestingly, retrospective review of axial (g) and coronal (h)
T2-weighted fetal MR images from previous pregnancy showed similar gyral anomalies, suggestive of diffuse polymicrogyria, which had

been misinterpreted as lissencephaly.

Tool 7: Evaluate the midline

In the case of a decrease in cephalic biometry, the midline
should be examined carefully to investigate etiology. It
should be borne in mind that the appearance of the
commissures, especially the corpus callosum, can be
affected anatomically by severe microcephaly, regardless
of underlying etiology.

One should assess the anterior complex on routine
axial images?®. Holoprosencephaly, especially the most
severe forms (alobar and semilobar), is usually associated
with decreased cephalic biometry, so diagnosis relies on

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

the absence of a normal anterior complex, including
non-identification of the cavum septi pellucidi, distortion
of interhemispheric fissure and abnormal or absent frontal
horns (Figure S5)%*¢. Analysis of the corpus callosum
should be performed by an expert in fetal CNS imaging
(neurosonogram or fetal MRI). It should be performed in
the mid-sagittal plane. Absence of its anterior part can also
be a clue to the diagnosis of semilobar holoprosencephaly,
although microcephaly associated with corpus callosal
agenesis/dysgenesis, including hypoplasia, has also been
reported in some syndromes. However, it should be noted
that, in severe microcephaly, corpus callosal hypoplasia
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Figure 6 Fetal imaging in a patient referred at 22 gestational weeks due to enlarged pericerebral space with mild decrease in cephalic
biometry (5™ percentile). Axial (a) and coronal (b) T2-weighted fetal magnetic resonance images demonstrating major amputation of
cerebral parenchyma adjacent to the insula, more pronounced on the left hemisphere, associated with no evidence of the septum pellucidum.
Major increase of the pericerebral space adjacent to the clastic changes was also noted. (c) Macroscopic pathological examination confirmed
clastic lesions adjacent to the insula with both porencephalic lesions and bilateral pseudoschizencephalies related to an ischemohemorrhagic
phenomenon.

Tool 1: Context
PD: complete analysis of fetal biometry to differentiate
selective DCB s global and proportional TUGR
ED: genetic origin: look for consanguinity, HC of both siblings and
parents environmental origin: fever during pregnancy, drug use, alcohol,
risk factors for vascular lesions (e.g. monochorionic twin pregnancy),
maternal phenylketonuria
7'y

Tool 8: Investigate posterior fossa Tool 2: Determine severity of DCB and follow up HC
PD: be aware of correlation between TCD and HC longitudinally
(use formula for predicted TCD in relation to HC) PD: use SD, Z-score or growth delay (number of WG)
ED: PF anomalies may be a clue to diagnose NTD, infectious ED: severe and progressive DCB may
diseases, pontocerebellar hypoplasia (Barth 2), orientate towards encephaloclastic mechanism
lissencephaly Type 3

Tool 3: Investigate pericerebral space
PD: may worsen DCB severity if large PCS
ED: if large PCS, investigate for diffuse/focal
encephaloclastic lesion

Tool 7: Evaluate midline
PD: thin CC may be related to axonal depletion in severe DCB
ED: abnormal AC and/or dysgenesis of CC may be a clue to

diagnose holoprosencephaly and other underlying hypoP lasja .
pathologies (e.g. FAS) ED: abnormal operculization suggests diffuse

cortical dysplasia

Tool 4: Look for Sylvian fissure
PD: absence of anterior margin suggests frontal

Tool 6: Look for clastic event Tool 5: Sonographic ‘smooth cortex” # ‘lissencephaly’
ED: infectious origin: periventricular echogenic halo, germinolysis cysts, | | ED: PM, MSGP, lissencephaly may be revealed by smooth cortex
parenchymal calcifications, cystic changes anterior to temporal horn or on US (cortical ribbon) MRI analysis may be helpful to
posterior to occipital horn, cortical anomalies differentiate between these entities

Vascular origin: asymmetric parenchymal changes including abnormal
parenchymal echogenicity, cavitations, parenchymal cleft,
calcifications, asymmetric ventriculomegaly,

PCS enlargement, diffuse and asymmetric cortical anomalies

Figure 7 Diagnostic imaging tools to elucidate decreased cephalic biometry using a systematic analysis of the central nervous system. AC,
anterior complex; CC, corpus callosum; ED, etiological diagnosis; FAS, fetal alcohol syndrome; HC, head circumference; IUGR, intrauterine
growth restriction; MRI, magnetic resonance imaging; MSGP, microcephaly with simplified gyral pattern; NTD, neural tube defect; PCS,
pericerebral space; PD, positive diagnosis; PF, posterior fossa; PM, polymicrogyria; TCD, transverse cerebellar diameter; US, ultrasound;
WG, weeks’ gestation.
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[ Tool 1: Context

Tool 6: Look for
clastic event of
vascular/infectious origin

Tool 7: Evaluate
midline

Tool 8: Investigate
posterior fossa

Tool 2: Determine severity of DCB
and follow up
HC longitudinally

Tool 3: Investigate
pericerebral space

Tool 4: Look for
Sylvian fissure

Tool 5:
Sonographic
‘smooth cortex’
# ‘lissencephaly’

Figure 8 Summary of diagnostic imaging tools for use when investigating decreased cephalic biometry (DCB). HC, head circumference.

can be related exclusively to a major decrease in neurons
and commissural axons, as illustrated in Figures 4 and
S4. In such cases, corpus callosal hypoplasia should
be considered as a consequence of the microcephaly
and not as an etiological clue that may be helpful in
investigating the underlying condition. In some cases,
association between microcephaly and corpus callosal
dysgenesis/agenesis can orientate the etiological diagnosis
depending on either clinical or imaging patterns. For
example, in a suggestive clinical context and even in
the absence of apparent alcohol abuse, the association
between microcephaly and hypoplastic corpus callosum,
commonly associated with a characteristic abnormal
profile (long upper lip), can be diagnostic of fetal alcohol
syndrome?”.

Tool 8: Investigate the posterior fossa

As for the midline, investigation of the posterior fossa is
important in the etiological work-up for any decrease in
cephalic biometry, but one should be aware that reduction
of supratentorial cephalic biometry can be associated
with a decrease in the transverse cerebellar diameter
(TCD). Indeed, these two parameters are correlated;
we have shown recently that cerebellar growth occurs
exponentially, relative to the increase in HC at a given
gestational age®$.

As widely accepted, microcephaly can be a biometric
clue in the diagnosis of neural tube defect, which
can affect cephalic biometry as early as in the first
trimester®. In the series of Deloison et al.'?, spina bifida
was diagnosed in five fetuses among 16 with small HC

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

on second-trimester ultrasound. Therefore, microcephaly
should lead to the investigation of both the lumbosacral
spine to detect myelomeningocele and the posterior
fossa to detect Chiari-II malformation, which represent
direct and indirect findings of spina bifida, respectively.
Hypoplasia of the cerebellum and/or brainstem can
also be an important clue for etiological diagnosis
other than neural tube defect. Lissencephaly Type3, a
condition characterized by diffuse neuroapoptosis, results
in cerebral atrophy leading to increased pericerebral space
(see Tool 3), but also to severe pontocerebellar hypoplasia
(Figure S6)!7. Brainstem and cerebellar hypoplasia have
also been reported in the so-called ‘lethal microcephalies
with simplified gyral pattern’, such as in Amish lethal
microcephaly related to SLC2A19 gene mutation*, as
well as in a novel entity described recently by Rajab
etal.’®. Finally, cerebellar hypoplasia can be encountered
in clastic events, such as CMV (Figure 2) and Zika virus
infection, as mentioned previously.

One should be aware that a mild decrease in cephalic
biometry can be associated with moderate reduction in
infratentorial biometry, especially TCD. As previously
suggested by Goldstein etal3' and Guihard-Costa &
Larroche’?, we have shown recently a correlation
between TCD and HC, based on a prospective cohort
study of 65250 pregnant women?®. Considering this
correlation, we might consider using the predicted
TCD in relation to the HC at a given gestational
age (according to the following formula: expected
TCD =0.7355%exp (0.059*HC)) for biometric analysis of
the posterior fossa when investigating decreased cephalic
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biometry. This is of importance in cases of moderate
reduction in cephalic biometry, close to —2 SD, associated
with decreased TCD around the 3" percentile. In such
cases, the mild decrease in cephalic biometry may be
considered to be associated with cerebellar hypoplasia.
However, if TCD is corrected according to gestational
age, the TCD may increase above the 5™ percentile,
leading to an assumption that the decrease in cephalic
biometry is ‘isolated’; this may affect prenatal counseling.

Conclusion

Systematic use of the tools described above should assist
in elucidating cases of unexplained isolated decrease in
cephalic biometry. Summarized in Figures 7 and 8, these
tools can be divided into two groups. The first focuses on
the positive diagnosis of a decrease in cephalic biometry
or microcephaly, including direct and indirect imaging
findings related to decreased biometry, and the second
focuses on etiological diagnosis. Some tools can be used
both for positive diagnosis and as a clue to orientate
towards the underlying cause. For example, a major
increase in pericerebral space associated with a decrease
in cephalic biometry indicates and reinforces the severity
of the microcephaly but will also orientate the etiological
work-up towards an encephaloclastic mechanism, which
can be either clastic (ischemic or infectious) or genetic
(such as lissencephaly Type 3). In routine practice, these
tools can be useful to ensure that a moderate decrease
in cephalic biometry (to between —2SD and —3SD) is
truly isolated, which is important for prenatal counseling.
Indeed, a moderate, isolated and non-progressive decrease
in cephalic biometry is, in most cases, associated with
favorable outcome when the appropriate biological
work-up (including cytogenetic and infectious testing) is
also negative. This clinical message is of great importance
for patients and medical teams facing a decrease in
cephalic biometry, particularly in light of the recent
exponential surge in Zika virus infection.
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ABSTRACT

Objective To explore the outcome in fetuses with prenatal
diagnosis of posterior fossa anomalies apparently isolated
on ultrasound imaging.

Methods MEDLINE and EMBASE were searched elec-
tronically utilizing combinations of relevant medical sub-
ject headings for ‘posterior fossa’ and ‘outcome’. The
posterior fossa anomalies analyzed were Dandy—Walker
malformation (DWM), mega cisterna magna (MCM),
Blake’s pouch cyst (BPC) and vermian bypoplasia (VH).
The outcomes observed were rate of chromosomal abnor-
malities, additional anomalies detected at prenatal mag-
netic resonance imaging (MRI), additional anomalies
detected at postnatal imaging and concordance between
prenatal and postnatal diagnoses. Only isolated cases of
posterior fossa anomalies — defined as having no cere-
bral or extracerebral additional anomalies detected on
ultrasound examination — were included in the analysis.
Quality assessment of the included studies was performed
using the Newcastle—Ottawa Scale for cobort studies.
We used meta-analyses of proportions to combine data
and fixed- or random-effects models according to the
heterogeneity of the results.

Results Twenty-two studies including 531 fetuses with
posterior fossa anomalies were included in this systematic
review. The prevalence of chromosomal abnormalities
in fetuses with isolated DWM was 16.3% (95% CI,
8.7-25.7%). The prevalence of additional central
nervous system (CNS) abnormalities that were missed

at ultrasound examination and detected only at prenatal
MRI was 13.7% (95% CI, 0.2-42.6%), and the
prevalence of additional CNS anomalies that were missed
at prenatal imaging and detected only after birth was
18.2% (95% CI, 6.2-34.6%). Prenatal diagnosis was
not confirmed after birth in 28.2% (95% CI, 8.5-53.9%)
of cases. MCM was not significantly associated with
additional anomalies detected at prenatal MRI or
detected after birth. Prenatal diagnosis was not confirmed
postnatally in 7.1% (95% CI, 2.3-14.5%) of cases. The
rate of chromosomal anomalies in fetuses with isolated
BPC was 5.2% (95% CI, 0.9-12.7%) and there was
no associated CNS anomaly detected at prenatal MRI
or only after birth. Prenatal diagnosis of BPC was not
confirmed after birth in 9.8% (95% CI, 2.9-20.1%) of
cases. The rate of chromosomal anomalies in fetuses with
isolated VH was 6.5% (95% CI, 0.8—17.1%) and there
were no additional anomalies detected at prenatal MRI
(0% (95% CI, 0.0-45.9%)). The proportions of cerebral
anomalies detected only after birth was 14.2% (95% CI,
2.9-31.9%). Prenatal diagnosis was not confirmed after
birth in 32.4% (95% CI, 18.3-48.4%) of cases.

Conclusions DWM apparently isolated on ultrasound
imaging is a condition with a high risk for chromosomal
and associated structural anomalies. Isolated MCM and
BPC have a low risk for aneuploidy or associated
structural anomalies. The small number of cases with
isolated VH prevents robust conclusions regarding their
management from being drawn. Copyright © 2015
ISUOG. Published by John Wiley ¢& Sons Ltd.
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INTRODUCTION

The cerebellum and cerebellar vermis undergo protracted
development during fetal and neonatal life such that the
imaging appearance of the structures of the posterior fossa
varies considerably with age at assessment. In pregnancy,
routine ultrasound examination of the fetal head includes
assessment of the shape and structure of the posterior
fossa in the axial cerebellar plane?.

Posterior fossa malformations encompass a heteroge-
neous spectrum of conditions characterized by progressive
abnormal development of the posterior and anterior
membranous areas>. A precise definition of each of
the posterior fossa anomalies is necessary in order to
counsel properly parents about the outcome of the
pregnancy; this is particularly important because the
outcome of these conditions varies considerably in rela-
tion to the type of anomaly. Therefore, the standard
axial plane is insufficient for definitive diagnosis when
dealing with posterior fossa malformations. In addition
to detailed multiplanar sonography, magnetic resonance
imaging (MRI) is usually performed prenatally to confirm
the diagnosis and assess for the presence of associated
anomalies, which are important determinants of neurode-
velopmental outcome. Nevertheless, although accurate,
fetal MRI may be affected by a significant risk of both
false-positive and false-negative cases®’. Likewise, patho-
logical confirmation of posterior fossa anomalies has been
reported to have a low level of concordance with prenatal
imaging®~”.

The adoption of different nomenclature, diagnostic
criteria and outcome measures has made parental
counseling for posterior fossa anomalies extremely
challenging. The presence of associated anomalies and the
integrity of vermian structures are clearly important in
determining the outcome of these conditions®. However,
most of the published studies do not differentiate between
cases with and without associated anomalies, and it is
not certain whether these factors have an impact on
outcome.

The aim of this systematic review and meta-analysis
was to explore the outcome in fetuses with a prenatal
ultrasound diagnosis of isolated posterior fossa anomalies.
We discuss how accurate prenatal imaging is in reaching
a correct diagnosis and establishing the presence of
associated abnormalities.

METHODS

Protocol, eligibility criteria, information sources
and search

This review was performed according to an a-priori
designed protocol recommended for systematic reviews
and meta-analyses”~!!. MEDLINE and EMBASE were
searched electronically on 15 February 2014, utilizing
combinations of the relevant medical subject heading
(MeSH) terms, keywords and word variants for ‘posterior
fossa’, ‘Dandy—Walker’, ‘Blake’s pouch cyst’, ‘vermian
hypoplasia’ and ‘outcome’ (Appendix S1). The search

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

was then updated on 14 July 2014. The search and
selection criteria were restricted to the English language.
Reference lists of relevant articles and reviews were
hand-searched for additional reports. PRISMA guidelines
were followed'?.

Study selection, data collection and data items

Studies were assessed according to the following criteria:
population, outcome, gestational age at examination and
type of imaging assessment of the posterior fossa.

Two authors (F.D., A.K.) reviewed all abstracts
independently. Agreement regarding potential relevance
was reached by consensus and full-text copies of
relevant papers were obtained. The same two reviewers
independently extracted relevant data regarding study
characteristics and pregnancy outcome. Inconsistencies
were discussed by the reviewers or with a third author
and consensus reached. If more than one study was
published for the same cohort with identical endpoints,
the report containing the most comprehensive information
on the population was included to avoid overlapping
populations. For those articles in which information
was not reported but the methodology was such that
this information would have been recorded initially, the
authors of the articles were contacted.

Quality assessment of the included studies was
performed using the Newcastle—Ottawa Scale (NOS) for
cohort studies. According to the NOS, each study is
judged on three broad perspectives: selection of the study
groups, comparability of the groups and ascertainment
of outcome of interest'3. Assessment of the selection of
a study includes evaluation of the representativeness of
the exposed cohort, selection of the non-exposed cohort,
ascertainment of exposure and demonstration that the
outcome of interest was not present at the start of the
study. Assessment of the comparability of the study groups
includes evaluation of the comparability of cohorts on the
basis of the design or analysis. Finally, ascertainment of
the outcome of interest includes evaluation of the type
of assessment of the outcome of interest and length
and adequacy of follow-up'3. According to NOS, a
study can be awarded a maximum of one star for
each numbered item within the selection and outcome
categories. A maximum of two stars can be given for
comparability.

Risk of bias, summary measures and synthesis of results

The posterior fossa anomalies considered in this system-
atic review were defined on the basis of the morphological
approach proposed by Tortori-Donati et al.'*, and were:
(1) Dandy—Walker malformation (DWM), defined by the
classic triad of complete or partial agenesis of the cere-
bellar vermis, cystic dilatation of the fourth ventricle and
enlarged posterior fossa with upward displacement of
the tentorium, torcula and transverse sinuses; (2) mega
cisterna magna (MCM), defined as a cisterna magna
measuring >10mm and a normal vermis; (3) Blake’s
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Figure 1 Flowchart summarizing selection of studies on isolated
posterior fossa malformations diagnosed on prenatal ultrasound.

pouch cyst (BPC), defined as the presence of an upwardly
displaced normal cerebellar vermis, normal appearance of
the fastigium, tentorium and size of the cisterna magna;
and (4) isolated vermian hypoplasia (VH), defined as
a normally formed vermis but of smaller size, with an
otherwise normal size and anatomy of the posterior fossa.

The rates of the following outcomes were analyzed:
(1) chromosomal abnormalities; (2) additional major cen-
tral nervous system (CNS) anomalies detected at prenatal
MRI but missed at the initial ultrasound examination;
(3) additional major CNS and extra-CNS anomalies
detected at postnatal imaging or clinical evaluation but
missed at prenatal imaging; and (4) concordance between
prenatal and postnatal diagnoses.

For assessment of the incidence of abnormal karyotype,
isolated posterior fossa anomalies were defined as having
no additional CNS and extra-CNS anomalies detected
at the ultrasound scan. Only cases that had their full
karyotype tested pre- or postnatally were included.
The presence of additional anomalies detected at pre-
and postnatal MRI only and the rate of concordance
between pre- and postnatal diagnoses were assessed only
in fetuses with no additional anomalies and normal
karyotype. In cases of DWM, ventriculomegaly was not
included as an associated cerebral malformation because
its development is related to dynamic changes in the
cerebrospinal fluid, secondary to the mass effect of the
cystic malformation.

Only studies reporting a prenatal diagnosis of posterior
fossa anomalies were considered suitable for inclusion in
the current systematic review; postnatal studies or studies
from which cases diagnosed prenatally could not be
extracted were excluded. Cases of Dandy—Walker variant

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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and those with a lack of a clear definition of the anomaly
were not considered suitable for inclusion. Autopsy-based
studies were excluded on the basis that fetuses undergoing
termination of pregnancy are more likely to show
associated major structural and chromosomal anomalies.
Studies reporting the concordance between pre- and
postnatal diagnosis of posterior fossa anomalies were
excluded unless they provided information about whether
the anomaly was isolated or not. Studies of non-isolated
cases of posterior fossa anomalies were excluded, as
were studies published before the year 2000, as we
considered that advances in prenatal imaging techniques
and improvements in the diagnosis and definition of CNS
anomalies make these less relevant. Finally, studies not
providing a clear classification of the posterior fossa
anomalies analyzed were not considered suitable for
inclusion in the current review!®. The wide heterogeneity
in nomenclature among published studies results in
heterogeneity in risk stratification of these fetuses,
therefore we included only studies providing a definition
of the anomaly in accordance with that reported
above.

Only full-text articles were considered eligible for
inclusion; case reports, conference abstracts and case
series with fewer than three cases of posterior fossa
anomaly, irrespective of the fact that the anomalies
were isolated or not, were excluded in order to avoid
publication bias.

We used meta-analyses of proportions to combine
data'®1”, Unfortunately, the low number of studies did
not permit meaningful stratified meta-analysis to explore
the test performance in subgroups of patients that may be
less or more susceptible to bias. Assessment of potential
publication bias was also problematic, both because of
the outcome nature (rates with the left side limited to the
value zero), which limits the reliability of funnel plots,
and because of the low number of individual studies,
which strongly limits the reliability of formal tests. Funnel
plots displaying the outcome rate from individual studies
vs their precision (1/standard error) were constructed
with an exploratory aim. Tests for funnel plot asymmetry
were not used when the total number of publications
included for each outcome was < 10. In this case, the
power of the tests was too low to distinguish chance from
real asymmetry!8:19,

Between-study heterogeneity was explored using the I?
statistic, which represents the percentage of between-study
variation that is due to heterogeneity rather than chance. A
value of 0% indicates no observed heterogeneity, whereas
I >50% indicates a substantial level of heterogeneity.
A fixed-effects model was used if substantial statistical
heterogeneity was not present. On the other hand, if
there was evidence of significant heterogeneity between
included studies, a random-effects model was used.

All  proportion meta-analyses were carried out
using StatsDirect 2.7.9 (StatsDirect Ltd, Altrincham,
UK) and MetaDisc (Meta-DiSc Statistical Methods,
2006, ftp://ftp.hrc.es/pub/programas/metadisc/MetaDisc_
StatisticalMethods.pdf).
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Table 1 General characteristics of 22 studies reporting on isolated posterior fossa malformations included in systematic review

Prenatal Anomalies US plane used

Study Country Study design imaging GA at US analyzed for diagnosis
Tarui (2014)%0 USA Prospective MRI II-1II trimester VH Multiplanar
Tonni (2014)%! Italy/Chile Prospective US, MRI  TI-III trimester BPC, VH Multiplanar
Ghali (2014)%? Australia Retrospective ~ US, MRI  II-III trimester DWM, MCM, BPC Multiplanar
Zhao (2013)% China Prospective US, MRI  II-III trimester BPC Multiplanar
Vatansever (2013)* UK Prospective MRI II-1II trimester MCM Multiplanar
Guibaud (2012)%% France Retrospective ~ US, MRI  II-III trimester DWM Multiplanar
Gandolfi Colleoni (2012)%¢  Ttaly Retrospective ~ US, MRI  II-III trimester DWM, BPC, MCM, VH  Multiplanar
Paladini (2012)%” Italy Retrospective ~ US, MRI  II-III trimester BPC Multiplanar
Patek (2012)28 USA Retrospective ~ US, MRI II-IIT trimester DWM, MCM, VH Multiplanar
Bertucci (2011)%° Italy/Israel Prospective US, MRI  II-III trimester DWM, BPC, MCM, VH  Multiplanar
Egle (2011)3° Austria Prospective Us [-1II trimester BPC Multiplanar
Ozkan (2011)3! Turkey Retrospective ~ US II-TIT trimester DWM Multiplanar
Rizzo (2011)32 Multicenter ~ Prospective US, MRI  TI-III trimester DWM, MCM, BPC Multiplanar
Dror (2009)33 Israel Prospective US, MRI  II-III trimester MCM Multiplanar
Kontopoulos (2008)3* USA Retrospective ~ US [I-1II trimester DWM Not stated
Forzano (2007)3° UK Retrospective ~ US, MRI II trimester MCM Multiplanar
Long (2006)3¢ UK Retrospective ~ US I-IIT trimester MCM Multiplanar
Zalel (2006)37 Israel Retrospective ~ US, MRI  II-III trimester BPC Multiplanar
Has (2004)38 Turkey Retrospective ~ US, MRI  II-III trimester DWM Multiplanar
Leitner (2004)%° Israel Retrospective ~ US -III Trimester ~ MCM Axial plane
Ecker (2000)4° USA Retrospective ~ US II-III trimester DWM Axial plane
Kolble (2000)*! Switzerland ~ Retrospective ~ US [-1II trimester DWM Axial plane

Only first author of each study is given. BPC, Blake’s pouch cyst; DWM, Dandy—Walker malformation; GA, gestational age; MCM, mega
cisterna magna, MRI, magnetic resonance imaging; US, ultrasound; VH, vermian hypoplasia.

RESULTS
Study selection and characteristics

A total of 1640 articles were identified, of which 97
full-text articles were assessed for their eligibility for
inclusion (AppendixS2). A total of 22 studies were
included in the systematic review (Figure 1)2°=#1, These
22 studies included 531 fetuses with posterior fossa
anomalies; of these, 226 (42.6%) did not show any
additional structural anomaly at the scan and represent
the population of this systematic review. The general
characteristics of the included studies are reported in
Table 1. For most of the included studies, the posterior
fossa anatomy was assessed using a multiplanar approach.
Fetal MRI was performed to confirm the diagnosis
and to look for associated anomalies in the majority
of the included studies. Postnatal confirmation of the
anomaly was performed in most cases by ultrasound,
computed tomography or MRI, however the majority
of the studies lacked a standardized protocol for the
postnatal assessment of these patients.

Quality assessment of the included studies was
performed using NOS for cohort studies (Table 2).
Almost all included studies showed an overall good
rate with regard to selection and comparability of the
study groups and for the ascertainment of the outcome
of interest. The main weaknesses of these studies were
represented by their retrospective design, small sample
size comprising series from high-risk populations and a
lack of standardized postnatal confirmation. Furthermore,
the relatively short period of follow-up after birth did

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

not allow for a precise estimation of the overall rate of
additional anomalies missed prenatally and detected only
after birth.

Synthesis of results
Dandy-Walker malformation

There were 217 fetuses (in 11 studies) with DWM
included in this review. Associated CNS and extra-CNS
structural anomalies were present in 60.9% (95% ClI,
45.3-75.3%) and 42.6% (95%Cl, 22.7-64.0%) of
cases, respectively. Ventriculomegaly was a common
finding and was detected prenatally in 31.3% (95% ClI,
14.0-51.8%) of cases with DWM.

The prevalence of chromosomal abnormalities in
fetuses with DWM and no associated CNS or extra-CNS
anomalies was 16.3% (95% CI, 8.7-25.7%; Table 3,
Figure S1), with chromosomal deletions representing the
most common anomaly (7.6% (95% CI, 2.6-14.8%)).
The occurrence of hydrocephalus requiring ventricu-
loperitoneal shunt after birth is common in cases of DWM.
Overall, ventriculomegaly occurred before or after birth
in 68.0% (95% CI, 32.3-94.5%) of cases of DWM with
no associated structural anomalies and normal karyo-
type. Ventriculomegaly requiring a ventriculoperitoneal
shunt to reduce raised intracranial pressure occurred in
62.7% (95% CI, 27.9-91.3%) of cases.

The prevalence of additional CNS abnormalities missed
at ultrasound and detected only on prenatal MRI
was 13.7% (95% CI, 0.2—-42.6%; Table3), while the
rates of additional CNS and extra-CNS anomalies
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Table 2 Quality assessment of the 22 included studies according to
Newcastle—Ottawa Scale

Study Selection  Comparability Outcome
Tarui (2014)2° * % Kk * % * %k
Tonni (2014)! * % * * * %
Ghali (2014)22 * % Kk x .
Zhao (2013)%3 * % * * %
Vatansever (2013)%* * * ok * * %
Guibaud (2012)25 * %k k * * * Kk
Gandolfi Colleoni (2012)26 X * * * * %
Paladini (2012)27 * 4k * Ak
Patek (2012)%8 * %k k * * %k
Bertucci (2011)%° * % * * * %
Egle (2011)3° * % * * %
Ozkan (2011)31 * * * *
Rizzo (2011)32 * Kk * * %
Dror (2009)33 * % K * % * kK
Kontopoulos (2008)3* * % * * %
Forzano (2007)3° * * * %
Long (2006)36 * % % * * *
Zalel (2006)%7 * * * * * %k
Has (2004)38 * Kk * -
Leitner (2004)3° * * * * %
Ecker (2000)*° * % * * * %
Kolble (2000)*! * % * * * %k *

A study can be awarded a maximum of one star for each numbered
item within the selection and outcome categories. A maximum of
two stars can be given for comparability.

missed at prenatal imaging by either ultrasound or
MRI and detected only after birth were 18.2%
(95% CI, 6.2-34.6%) and 18.9% (95% CI, 6.3-36.2%),
respectively. The prenatal diagnosis of DWM was not
confirmed after birth in 28.2% (95% CI, 8.5-53.9%)
of cases (Table3). Among the cases of isolated DWM
that were not confirmed at birth (z = 7), two had a
normal appearance of the posterior fossa on postnatal
imaging, one a diagnosis of BPC, one of VH, one of
Joubert syndrome and one of posterior fossa hemorrhage,
while the last case showed an association of DWM and
abnormality of the cortex.

Mega cisterna magna

There were 144 fetuses (in 10 studies) with a prena-
tal diagnosis of MCM included. The rates of additional
CNS and extra-CNS anomalies were 12.6% (95% CI,
2.9-27.6%) and 16.6% (95% CI, 6.2-30.8%), respec-
tively, with ventriculomegaly being the most common
associated anomaly (11.7% (95% CI, 2.8-25.6%)). No
fetus tested prenatally was found to have a chromosomal
abnormality (0% (95% CI, 0.0-4.7%); Table4, Figure
S2). In addition, there were no significant associations
with additional anomalies detected only at prenatal MRI,
or with associated CNS and extra-CNS anomalies missed
prenatally and detected after birth (Table4). The pre-
natal diagnosis of MCM was not confirmed in 7.1%
(95% Cl, 2.3-14.5%) of cases. Among the cases not con-
firmed at birth, three were false-positive diagnoses with

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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a normal appearance of the posterior fossa described
at postnatal imaging, and one was a posterior fossa
arachnoid cyst.

Blake’s pouch cyst

There were 86 fetuses (in nine studies) with a prenatal
diagnosis of BPC included. The rates of associated
CNS and extra-CNS structural anomalies were 11.5%
(95% CI,4.3-21.5%) and 25.3% (95% CI, 9.0-46.5%),
respectively. There was only a single case of aneuploidy
(trisomy 21) detected among 45 fetuses tested (Table 5,
Figure S3). There was no case of associated CNS anomaly
missed at the ultrasound scan and detected only at
prenatal MRI in the cohort of fetuses included in
this review (0% (95% CI, 0.0-6.4%)). Similarly, no
associated CNS (0% (95% CI, 0.0-8.6%)) or extra-CNS
(0% (95% CI, 0.0-16.1%)) anomalies were detected only
after birth (Table 5). The prenatal diagnosis of BPC was
not confirmed after birth in 9.8% (95% CI, 2.9-20.1%)
of cases (Table 5), consisting of one case of posterior fossa
arachnoid cyst, one of otherwise isolated MCM and one
with normal postnatal imaging.

Vermian hypoplasia

There were 63 fetuses (in five studies) with a prenatal
diagnosis of VH included. The rates of associated
CNS and extra-CNS anomalies were 56.1% (95% CI,
25.0-84.7%) and 49.2% (95% CI, 31.5-67.1%),
respectively. There was only one chromosomal anomaly
detected (chromosomal deletion) among the 30 fetuses
tested (Table6, FigureS4). Although the number of
fetuses with this outcome was very small, no additional
anomalies were detected only at prenatal MRI (0%
(95% CI, 0.0-45.9%)).

Finally, the proportions of cerebral and extra-CNS
anomalies detected only after birth were 14.2% (95 % ClI,
2.9-31.9%) and 0% (95% CI, 0.0-18.5%), respectively
(Table 6). The prenatal diagnosis was not confirmed in
32.4% (95% CI, 18.3-48.4%) of cases; all 10 cases
consisted of false-positive diagnoses, with a normal
appearance of the posterior fossa and cerebellar vermis
at postnatal imaging in nine and one case of VH and
associated cortical abnormalities.

DISCUSSION
Summary of evidence

This systematic review demonstrates that apparently
isolated DWM carries a high risk of chromosomal
abnormalities and associated malformations that can be
misdiagnosed before birth. In contrast, isolated MCM
and BPC are associated with a very low risk of aneuploidy
and of associated structural anomalies discovered only
at prenatal MRI or after birth. Isolated VH is associated
with a low risk of aneuploidy and of additional anomalies
detected only at prenatal MRI. A discrepancy between

Ultrasound Obstet Gynecol 20165 47: 690-697.



Isolated posterior fossa malformations on prenatal imaging (part 1): meta-analysis

695

Table 3 Pooled proportions (PP) for outcomes in fetuses with isolated Dandy—Walker malformation assessed prenatally for additional

anomalies
Studies Fetuses

Outcome (n) (n/N) I (%) Raw (95% CI) (%) PP (95% CI) (%)
Chromosomal anomalies 11 9/60 0 15.00 (7.1-26.6) 16.32 (8.7-25.7)
Additional anomalies detected only at prenatal MRI 4 2/18 56.1 11.11 (1.4-34.7) 13.72 (0.2-42.6)
Additional anomalies detected only postnatally

CNS anomalies 6 3/21 0 14.29 (3.1-36.3) 18.19 (6.2-34.6)

Extra-CNS anomalies 5 3/20 0 15.00 (3.2-37.9) 18.93 (6.3-36.2)
Discrepancy between pre- and postnatal diagnosis 6 7133 54.9 21.21 (9.0-38.9) 28.18 (8.5-53.9)

CNS, central nervous system; MRI, magnetic resonance imaging.

Table 4 Pooled proportions (PP) for outcomes in fetuses with isolated mega cisterna magna assessed prenatally for additional anomalies

Studies Fetuses

Outcome (n) (n/N) 2 (%) Raw (95% CI) (%) PP (95% CI) (%)
Chromosomal anomalies 9 0/76 0 0.00 (0.0-4.7) 0.00 (0.0-4.7)*
Additional anomalies detected only at prenatal MRI N 0/29 0 0.00 (0.0-11.9) 0.00 (0.0-11.9)*
Additional anomalies detected only postnatally

CNS anomalies 6 1/60 0 1.67 (0.04-8.9) 3.65(0.5-9.5)

Extra-CNS anomalies 5 1/40 0 2.50 (0.1-13.2) 4.66 (0.5-12.7)
Discrepancy between pre- and postnatal diagnosis 8 4/59 43.2 6.78 (1.9-16.5) 7.14 (2.3-14.5)

*Using Meta-Disc statistical analysis. CNS, central nervous system; MRI, magnetic resonance imaging.

pre- and postnatal diagnoses of posterior fossa anomalies
is common in cases of DWM and VH, but less frequent
in cases of MCM and BPC.

Strengths and limitations of the study

The strengths of this study are its robust methodology
for identifying all possible studies for inclusion, assessing
data quality and synthesizing all suitable data.

For several meta-analyses, the number of included
studies was small, and some included small populations.
Furthermore, many of the studies reviewed did not allow
extraction of individual case data. Another limitation is
the significant heterogeneity in the definitions used*?.

Subtle chromosomal abnormalities such as microdele-
tions may be overlooked by routine chromosome analysis,
highlighting the need for molecular cytogenetic tech-
niques, which were not used in some of the included
studies. It is therefore possible that this systematic
review underestimates the prevalence of chromosomal
abnormalities*3.

Advances in prenatal imaging techniques have led to
more comprehensive assessment of the fetal brain; in
this review, we considered only studies published between
2000 and 2014 in order to minimize the effect of changing
imaging protocols. Despite these limitations, however, our
review represents the best published estimate of outcomes
for this group of conditions.

Implications for clinical practice

Objective standardized assessment of the posterior
fossa is needed to differentiate precisely the possible

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

diagnoses. One such approach has been proposed?:

our review suggests that this approach is quite effective
in the identification of MCM and BPC, but less
effective for DWM, and inadequate for VH. Indeed
variable criteria for the diagnosis of VH were used in
different studies.

Isolated DWM was frequently associated with chromo-
somal aberrations and we therefore believe that karyo-
typing should be offered for fetuses with this prenatal
diagnosis. Microarray analysis can also be considered
where available. On the other hand, the risk of chromo-
somal anomalies is very low in cases of isolated MCM.
With isolated BPC, the rate of chromosomal anomalies
was in the order of 5%, but this should be considered
with caution given the small number of cases.

Antenatal MRI is certainly indicated with isolated
DWM, as associated intracranial anomalies escaping
sonographic diagnosis were frequent, which was not the
case for other anomalies. MCM was misdiagnosed in
7% of cases; in some a posterior fossa cyst was found
after birth. Posterior fossa cysts may expand and cause
obstructive hydrocephalus. MRI may be more effective
than ultrasound, not only in differentiating isolated
MCM from posterior fossa cysts, but also in identifying
periventricular nodular heterotopia, a neuronal migration
disorder with significant clinical implications**. Isolated
DWM is frequently found in association with anomalies
that are only identified postnatally. However, parents of
fetuses with isolated MCM or BPC can be reassured that
this rarely occurs in such cases.

Our review highlights the need for an objective standard
to confirm the diagnosis after birth. Recent studies have
shown a low level of agreement between prenatal imaging
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Table 5 Pooled proportions (PP) for outcomes in fetuses with isolated Blake’s pouch cyst assessed prenatally for additional anomalies

Studies Fetuses

Outcome (n) (n/N) I (%) Raw (95% CI) (%) PP (95% CI) (%)
Chromosomal anomalies 8 1/45 0 2.22(0.1-11.8) 5.16 (0.9-12.7)
Additional anomalies detected only at prenatal MRI 8 0/56 0 0.00 (0.0-6.4) 0.00 (0.0-6.4)*
Additional anomalies detected only postnatally

CNS anomalies 6 0/41 0 0.00 (0.0-8.6) 0.00 (0.0-8.6)*

Extra-CNS anomalies N 0/21 0 0.00 (0.0-16.1) 0.00 (0.0-16.1)*
Discrepancy between pre- and postnatal diagnosis 6 3/39 33.9 7.69 (1.6-20.9) 9.79 (2.9-20.1)

*Using Meta-Disc statistical analysis. CNS, central nervous system; MRI, magnetic resonance imaging.

Table 6 Pooled proportions (PP) for outcomes in fetuses with isolated vermian hypoplasia assessed prenatally for additional anomalies

Studies Fetuses

Outcome (n) (n/N) I (%) Raw (95% CI) (%) PP (95% CI) (%)
Chromosomal anomalies 4 1/30 0 3.33 (0.1-17.2) 6.54 (0.8-17.1)
Additional anomalies detected only at prenatal MRI 3 0/6 0 0.00 (0.0-45.9) 0.00 (0.0-45.9)*
Additional anomalies detected only postnatally

CNS anomalies 3 2/18 0 11.11 (1.4-34.7) 14.20 (2.9-31.9)

Extra-CNS anomalies 3 0/18 0 0.00 (0.0-18.5) 0.00 (0.0-18.5)
Discrepancy between pre- and postnatal diagnosis 4 10/32 0 31.25 (16.1-50.0) 32.44 (18.3-48.4)

*Using Meta-Disc statistical analysis. CNS, central nervous system; MRI, magnetic resonance imaging.

and pathological examination in cases of termination of
pregnancy>°. Challenges in the pathological assessment
of posterior fossa structures, inconsistencies in diagnostic
criteria and the lack of multiplanar assessment in older
studies, may account for this heterogeneity.

Implications for research

The wide heterogeneity in classification and the definition
of outcomes highlights the urgent need for prospective
studies using a standardized classification of these
anomalies, correlating them with pregnancy and postnatal
outcomes.

Although posterior fossa anomalies are usually diag-
nosed in the second trimester, early detection has been
reported3%#+*5 . Large prospective studies on low-risk
populations are needed to ascertain whether first-trimester
assessment of the posterior fossa may lead to reliable early
diagnosis.

Conclusions

DWM that is isolated on prenatal ultrasound imaging is
frequently associated with chromosomal and structural
anomalies. MCM and BPC are rarely associated with
malformations that are undetected by ultrasound, and
isolated MCM has a low risk for aneuploidy. The
group of fetuses with an antenatal diagnosis of VH
was heterogeneous, and the condition was often not
confirmed at birth. We suggest that MRI is indicated in
cases of DWM and MCM. Studies using a standardized
classification are needed to define objectively the prognosis
of these anomalies.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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ABSTRACT

Objectives Diagnosis of isolated posterior fossa anoma-
lies in children is biased by the fact that only those that are
symptomatic are brought to the attention of the appro-
priate clinical personnel, and the reported rate is often
affected by the adoption of different nomenclature, diag-
nostic criteria, outcome measures, duration of follow-up
and neurodevelopmental tools. The aim of this systematic
review was to explore the neurodevelopmental outcome
of fetuses with a prenatal diagnosis of isolated posterior
fossa anomalies.

Methods MEDLINE and EMBASE were searched elec-
tronically, utilizing combinations of the relevant medical
subject heading terms for ‘posterior fossa’ and ‘outcome’.
Studies assessing the neurodevelopmental outcome in
children with a prenatal diagnosis of isolated posterior
fossa malformations were considered eligible. The poste-
rior fossa anomalies analyzed included Dandy—Walker
malformation (DWM), mega cisterna magna (MCM),
Blake’s pouch cyst (BPC) and vermian hypoplasia (VH).
Two authors reviewed all abstracts independently. Qual-
ity assessment of the included studies was performed
using the Newcastle—Ottawa Scale for cobort studies.
Meta-analyses of proportions were used to combine data,
and between-study heterogeneity was explored using the
12 statistic.

Results A total of 1640 articles were identified; 95 were
assessed for eligibility and a total of 16 studies were

included in the systematic review. The overall rate of
abnormal neurodevelopmental outcome in children with
a prenatal diagnosis of DWM was 58.2% (95% CI,
21.8-90.0%) and varied from 0-100%. In those with
a prenatal diagnosis of MCM, the rate of abnormal
neurodevelopmental outcome was 13.8% (95% ClI,
7.3=-21.9%), with a range of 0-50%. There was no
significant association between BPC and the occurrence
of abnormal neurodevelopmental delay, with a rate
of 4.7% (95% CI, 0.7-12.1%) and range of 0-5%.
Although affected by the very small number of studies,
there was a non-significant occurrence of abnormal
neurodevelopmental delay in children with a prenatal
diagnosis of VH, with a rate of 30.7% (95% CI,
0.6-79.1%) and range of 0-100%.

Conclusions Fetuses diagnosed with isolated DWM are
at high risk of abnormal neurodevelopmental outcome,
while isolated MCM or BPC have a generally favorable
outcome. The risk of abnormal developmental delay in
cases with isolated VH needs to be further assessed.
In view of the wide heterogeneity in study design,
time of follow-up, neurodevelopmental tests used and
the wvery small number of included cases, further
future large prospective studies with standardized and
objective protocols for diagnosis and follow-up are
needed in order to ascertain the rate of abnormal
neurodevelopmental outcome in children with isolated
posterior fossa anomalies. Copyright © 2015 ISUOG.
Published by John Wiley & Sons Ltd.
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INTRODUCTION

Advances in prenatal brain imaging have allowed detailed
assessment of the anatomy of the posterior fossa;
however, when an abnormality is found in this area of the
fetal brain, parental counseling is particularly challenging
because the terminology is often confusing and there are
many small studies that make it difficult to reach firm
conclusions regarding the long-term outcome of an indi-
vidual fetus or infant. For instance, mega cisterna magna
(MCM) and Blake’s pouch cyst (BPC) have been reported
to have a favorable outcome when isolated. Conversely,
anomalies such as Dandy—Walker malformation (DWM)
are commonly considered to have a poor prognosis' ~*.

The lack of an objective reference standard to con-
firm the diagnosis after birth represents another chal-
lenge. Magnetic resonance imaging (MRI) interpretation
is hampered by high rates of both false-positive and
false-negative diagnoses’. Likewise, pathological confir-
mation of posterior fossa anomalies has a low level of
concordance with prenatal imaging®. In addition, many
published studies do not differentiate between cases diag-
nosed before and after birth. Postnatal series might be
biased by the fact that only symptomatic patients come to
the attention of medical practitioners, meaning that they
do not reflect the natural history of the disease.

Finally, how the neurodevelopmental outcome is
assessed differs between studies. This is of particular
relevance because the traditional role of the cerebellum
as a mere center for motor control has been reconsidered
in view of recent evidence, highlighting its influence on
language, socialization and cognitive functions’. There-
fore, the use of different targeted neurodevelopmental
tests in order to assess accurately the neurocognitive sta-
tus of these patients might be necessary. The adoption of
different periods of follow-up among the studies means
that the rate of abnormal neurocognitive outcome remains
uncertain, because some developmental anomalies may be
evident only later in life, while others, labeled as abnormal
early in life, are mild and may have only a small effect on
the overall quality of life®.

The adoption of different nomenclature, diagnostic
criteria, outcome measures, duration of follow-up and
neurodevelopmental tools means that there remains
significant controversy regarding neurodevelopmental
outcomes in children with posterior fossa abnormalities.
The aim of this systematic review was to explore the
neurodevelopmental outcomes in children diagnosed in
utero with isolated posterior fossa anomalies.

METHODS

Protocol, eligibility criteria, information sources
and search

This review was performed according to an a-priori
designed protocol and based on recommended methods
for systematic reviews and meta-analyses’~!!; PRISMA
guidelines were followed during the conduct of this

review!2.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

MEDLINE and EMBASE were searched electronically
on 15 February 2014, utilizing combinations of the
relevant medical subject heading (MeSH) terms, keywords
and word variants for ‘posterior fossa’, ‘Dandy—Walker’,
‘Blake’s pouch cyst’, ‘mega cisterna magna’, ‘vermian
hypoplasia’ or ‘agenesis’ and ‘outcome’ (Table S1). The
search was then updated on 14 July 2014. The search and
selection criteria were restricted to the English language.
Reference lists of relevant articles and reviews were
hand-searched for additional reports.

Study selection, data collection and data items

Studies were assessed according to the following criteria:
population, outcome, gestational age at examination and
type of imaging assessment of the posterior fossa.

Two authors (F.D., A.K.) reviewed all abstracts
independently. Full-text copies of relevant papers
were then obtained and relevant data regarding study
characteristics and pregnancy outcome were extracted
independently. Agreement regarding inclusion of studies
and relevance of data was reached by consensus or by
discussion with a third author (A.T.P.). If more than
one study was published on the same patient cohort
with identical endpoints, the report containing the
most comprehensive information was included to avoid
overlapping populations. For those articles in which
information was not reported, but the methodology
suggested that this information would have been recorded
initially, the authors of the articles were contacted.

Quality assessment of the included studies was
performed using the Newcastle—Ottawa Scale (NOS) for
cohort studies. According to the NOS, each study was
judged on three broad perspectives: selection of the study
groups; comparability of the groups; and ascertainment
of outcome of interest'3. Assessment of the selection of
a study includes evaluation of the representativeness of
the exposed cohort, selection of the non-exposed cohort,
ascertainment of exposure and demonstration that the
outcome of interest was not present at the start of the
study. Assessment of the comparability of the study
includes evaluation of the comparability of cohorts on the
basis of the design or analysis. Finally, ascertainment of
the outcome of interest includes evaluation of the type of
assessment of the outcome of interest, and the length and
adequacy of follow-up. According to NOS, a study can be
awarded a maximum of one star for each numbered item
within the selection and outcome categories. A maximum
of two stars can be given for comparability'3.

Risk of bias, summary measures and synthesis of results

The posterior fossa anomalies considered in this system-
atic review were defined on the basis of the morphological
approach proposed by Tortori-Donati et al.'* and were:
(1) DWM was defined by the classic triad of complete or
partial agenesis of the cerebellar vermis, cystic dilatation
of the fourth ventricle and enlarged posterior fossa
with upward displacement of the tentorium, torcula and
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transverse sinuses; (2) MCM was defined as a cisterna
magna measuring > 10 mm in the transverse cerebellar
plane, and a normal cerebellar vermis; (3) BPC was
defined by the presence of an upwardly displaced normal
cerebellar vermis, normal-appearing fastigium, tentorium
and size of the cisterna magna; (4) vermian hypoplasia
(VH) was defined as a normally formed vermis but of
smaller size, with the posterior fossa otherwise of normal
size and anatomy.

Isolated abnormalities were defined as those posterior
fossa abnormalities occurring with normal karyotype and
no other associated major central nervous system (CNS) or
extra-CNS anomalies detected either pre- or postnatally.
In the case of DWM, ventriculomegaly was not included
as an associated CNS anomaly because its development
is related to dynamic changes in cerebrospinal fluid
secondary to the mass effect of the cystic malformation'*.

Abnormal neurodevelopmental outcome was defined
as the overall presence of neurological, motor, cogni-
tive, language or developmental deficits. A subanalysis
considering the different types of neurodevelopmental
abnormalities was performed whenever possible. Further-
more, the occurrence of ventriculomegaly, either before
or after birth, and the need for any postnatal shunting
procedure were assessed.

Only studies reporting a prenatal diagnosis of clearly
defined isolated posterior fossa anomalies were considered
suitable for inclusion in this systematic review. Only
full-text articles were considered eligible for inclusion;
case reports, conference abstracts and case series with
fewer than three cases were excluded in order to avoid
publication bias. In addition, we excluded from the
analysis postnatal studies or studies from which cases
diagnosed prenatally could not be extracted, cases of
Dandy-Walker variant and those with a lack of a clear
definition of the anomaly, and studies with non-isolated
cases of posterior fossa anomalies. Studies published
before the year 2000 were not included in the current
systematic review for two related reasons: first, advances
in prenatal imaging techniques are likely to have led
to improvements in the diagnosis and characterization
of CNS anomalies and therefore studies before this
time are of little relevance to modern-day imaging; and
second, older studies suffer from greater heterogeneity in
definitions and nomenclature of the anomalies.

We used meta-analyses of proportions to combine
data'>'®, Unfortunately, the low number of studies did
not permit meaningful stratified meta-analyses to explore
the test performance in subgroups of patients that may
be less or more susceptible to bias. Furthermore, in view
of the multitude of definitions, neurodevelopmental tests
used and different ages at follow-up, we also decided
to provide the rate of abnormal outcome for each study
individually.

Assessment of the potential publication bias was also
problematic, both because of the nature of the outcome
(rates with the left side limited to the value zero), which
limits the reliability of funnel plots, and because of the
scarce number of individual studies, which strongly limits

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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the reliability of formal tests. Funnel plots displaying the
outcome rate from individual studies vs their precision
(1/standard error) were constructed with an exploratory
aim. Tests for funnel-plot asymmetry were not used when
the total number of publications included for each out-
come was less than 10. In this case, the power of the tests
is too low to distinguish chance from real asymmetry!7-18,

Between-study heterogeneity was explored using the I?
statistic, which represents the percentage of between-study
variation that is due to heterogeneity rather than chance.
A value of 0% indicates no observed heterogeneity,
whereas I? values of > 50% indicate a substantial level of
heterogeneity. A fixed-effects model was used if substan-
tial statistical heterogeneity was not present. In contrast,
if there was evidence of significant heterogeneity between
included studies, a random-effects model was used.

All proportion meta-analyses were carried out
using StatsDirect 2.7.9 (StatsDirect Ltd, Altrincham,
UK) and Meta-DiSc (Meta-DiSc Statistical Methods,
2006: ftp://ftp.hrc.es/pub/programas/metadisc/Meta-DiSc
StatisticalMethods.pdf).

RESULTS
Study selection and characteristics

A total of 1640 articles were identified; 95 were assessed
with respect to their eligibility for inclusion (Table S2)
and a total of 16 studies were included in the systematic
review (Figure 1 and Table 1). These 16 studies included
158 infants with isolated posterior fossa anomalies.

Additional records
identified through other
sources
(n=10)

Records identified through
database search
(= 1630)

Identification

Records after duplicates
removed
(n = 1640)

l

Records screened
(n = 1640)

Screening

Records excluded
(n=1545)

Full-text articles assessed
for eligibility
(n=95)

Eligibility

Full-text articles excluded
(n=79)

Studies included in
qualitative synthesis
(n=16)

Included

Studies included in
quantitative synthesis
(meta-analysis)
(n=16)

Figure 1 Flowchart summarizing selection of studies reporting on
neurodevelopmental outcome of children with isolated posterior
fossa anomalies diagnosed prenatally.
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Table 1 General characteristics of 16 studies reporting on neurodevelopmental outcome of children with isolated posterior fossa

malformations diagnosed prenatally

Study  Prenatal  Anomalies Age at
Study Country design  imaging  analyzed Neurodevelopmental tool follow-up
Tarui (2014)33* USA Prosp. MRI VH Wechsler Preschool and Primary Mean 6.1 years
Scale of Intelligence (3™ or 4t
edn), Vineland Adaptive
Behaviour Scale-1I, Behavior
Rating Inventory of Executive
function, Child Behavior
Checklist, Social Communication
Questionnaire
Zhao (2013)3! China Prosp. US, MRI BPC Basic neurological examination 1-3 years
Vatansever UK Prosp. MRI MCM Griffith Mental Developmental Scale  1-2.1 years
(2013)%* (revised), Bayley Scales of Infant
Development (3" edn)
Guibaud (2012)*  France Retro. US, MRI DWM Clinical examination and early 1.9-4 years
development scale
Gandolfi Colleoni Italy Retro. US, MRI DWM, BPC, Basic neurological examination 1-35 years
(2012)21% MCM, VH
Paladini (2012)%* Italy Retro. US, MRI BPC Basic neurological examination 1 month to 3.5 years
Patek (2012)%8* USA Retro. US, MRI MCM, VH Parental assessment, healthcare 2 months to 5.5 years
assessment
Bertucci (2011)27* Italy/Israel ~ Prosp. US, MRI BPC, MCM, VH Basic neurological examination Mean 2 years
Ozkan (2011)22* Turkey Retro. US DWM Basic neurological examination NS
Dror (2009)%* Israel Prosp. US,MRI MCM Gessell Developmental Schedules 16-57 months
and Peabody Developmental
Motor Scale
Forzano (2007)30* UK Retro. US, MRI MCM Semi-structured questionnaire 2 days to 3 months
(psychomotor developmental
milestones, seizures)
Long (2006)26* UK Retro. US MCM Basic neurological examination 4 years
Zalel (2006)32 Israel Retro. US, MRI BPC Basic neurological examination 1-7.5 years
Has (2004)20* Turkey Retro. US, MRI DWM Basic neurological examination 3-5.5 years
Leitner (2004)27* Israel Retro. US MCM Telephone interview, parental report 3 months to 3 years
Ecker (2000)%3* USA Retro. US DWM Basic neurological examination 6 weeks

Only first author of each study is given. *Additional information provided by the authors. BPC, Blake’s pouch cyst; DWM, Dandy—Walker
malformation; edn, edition; MCM, mega cisterna magna; MRI, magnetic resonance imaging; NS, not stated; Prosp., prospective; Retro.,

retrospective; US, ultrasound examination; VH, vermian hypoplasia.

Quality assessment of the included studies was per-
formed using NOS for cohort studies (Table 2). All studies
included a relatively small number of patients and had
different periods of follow-up. Furthermore, most of the
included studies did not use neurodevelopmental tests for
the assessment of cognitive, affective and language anoma-
lies and motor dysfunction. Finally, in view of the different
imaging protocols used and types of postnatal confirma-
tion of the anomaly, it is possible that infants with addi-
tional anomalies were included in the study population,
thus affecting the overall values of abnormal neurodevel-
opmental outcome reported in this systematic review.

Synthesis of the results
Dandy-Walker malformation

Five studies including 13 infants with DWM, normal
karyotype and no other associated CNS or extra-CNS
anomalies were included in this systematic review. All
studies except one!® used a basic neurological examina-
tion to assess the neurocognitive status of the patients.
The overall rate of abnormal neurodevelopmental status

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

was 58.2% (95% CI, 21.8-90.0%) and varied from
0-100% (Table 3 and Figure 2a). A meta-analysis of the
different neurodevelopmental abnormalities was possible
only for the occurrence of abnormal motor outcome,
which showed a 30.4% (95% CI, 8.1-59.3%) incidence
of motor delay.

The study by Guibaud ez al.'” included six fetuses with
isolated DWM and normal standard karyotype. After
excluding three fetuses with chromosomal microdeletions,
detected using high-resolution cytogenetic analysis, and
one further fetus with a false-positive diagnosis, the
two remaining fetuses were included in the analysis.
These two cases showed normal motor outcome but
exhibited mild expressive language delay, although verbal
reasoning was good, on postnatal assessment. Both infants
developed hydrocephaly requiring a ventriculoperitoneal
shunt to decompress the raised intracranial pressure!”.
Has et al.?° included three cases with a prenatal diagnosis
of isolated DWM, all of which showed severe delay in
motor control, although specific tests to assess extensively
the cerebellar function were not performed. Two of
these three infants developed hydrocephaly after birth,
requiring surgery?’. This finding highlights the common
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Table 2 Quality assessment of the 16 included studies according to
Newcastle—Ottawa Scale

Study Selection  Comparability Outcome
Tarui (2014)33 * Kk * k * % * %k *
Zhao (2013)3! * % * *
Vatansever (2013)%* * kK * x %
Guibaud (2012)"? * * ok * * %k
Gandolfi Colleoni (2012)*! * * * * * %
Paladini (2012)? * 4k * %
Patek (2012)%8 * % * * e
Bertucci (2011)%° * % * *
Ozkan (2011)% * % * *
Dror (2009)% * Kk k * * * %k *
Forzano (2007)3° * * * * *
Long (2006)%¢ * k * * *
Zalel (2006)32 * % * * * %
Has (2004)%° * kK * *x
Leitner (2003)27 * * * *
Ecker (2000)2? * * * * *

Only first author of each study is given. A study can be awarded a
maximum of one star for each numbered item within the selection
and outcome categories. A maximum of two stars can be given for
comparability.

occurrence of hydrocephaly in cases of DWM. The
development of hydrocephaly is probably related to
dynamic changes in the cerebrospinal fluid, secondary
to the mass effect of the cystic malformation'”. In
the study by Gandolfi Colleoni et al?!, two children
were evaluated at 2 years of age, both showing severe
motor impairment, while a third child had a postnatal
diagnosis of Ritscher—Schinzel syndrome, presenting with
mild language and psychomotor impairment. Finally, the
studies by Ozkan et al.?* and Ecker et al.?? had limited
periods of follow-up and non-standardized assessment of
the outcome measures (Table 4).

Overall, ventriculomegaly before or after birth occurred
in 68.0% (95% CI, 32.3-94.5%) of fetuses with DWM
despite no associated structural anomalies and nor-
mal karyotype. Ventriculomegaly requiring a ventricu-
loperitoneal shunt to reduce raised intracranial pressure
occurred in 62.7% (95% CI, 27.9-91.3%) of the cases.

Mega cisterna magna

Eight studies including 81 infants with MCM were
included in the systematic review. Only two studies

D’Antonio et al.

used specific tools to assess cerebellar function?®?3,

The rate of abnormal neurodevelopmental outcome was
13.8% (95% CI, 7.3-21.9%) and ranged from 0-50%
(Table 3 and Figure 2b). A meta-analysis of the different
neurodevelopmental abnormalities was possible only
for the occurrence of abnormal motor outcome, which
showed an incidence of motor delay of 10.9% (95% CI,
4.6-19.5%).

In the largest of the studies, Dror et al.?® included
children with a prenatal diagnosis of isolated MCM with
normal karyotype, evaluated by the Gesell Developmental
Schedules and the Peabody Developmental Motor Scale.
The age of postnatal follow-up ranged from 16 to
57 months. After excluding fetuses with additional
anomalies, 17 patients were included in the analysis.
Two children exhibited abnormal neurodevelopmental
outcome, consisting of a generalized delay in all
developmental aspects (Cases 1 and 2) and abnormal
language and communication skills (Case 2) (Table 4).
Children with a prenatal diagnosis of isolated MCM had
significantly worse scores in their general developmental
quotient, and in social interaction and visual-motor
perception subtests; in contrast there was no difference
in motor performance between children with a normal
posterior fossa and those with MCM.

In the study by Vatansever et al.”*, the authors assessed
the growth trajectories of the posterior fossa using
semi-automatic segmentation of reconstructed fetal brain
MRI. Six fetuses with isolated MCM were included in the
study and the Griffith Mental Development Scale and Bai-
ley Scales of Infant Development were used to ascertain the
neurodevelopmental outcome of these children. Half of
the included cases showed some degree of neurodevelop-
mental delay, including visuospatial perception and atten-
tion problems. Abnormal motor development was found
in 1/13 infants in the study by Long et al.2® and in 3/9 in
that by Leitner et al.?”. Neither study used specific tests
to assess cerebellar function, and in the study by Leitner
et al., the neurodevelopmental status was assessed by tele-
phone interview conducted by pediatric neurologists?”. In
the study by Gandolfi Colleoni et al.?', 16 cases with iso-
lated MCM were analyzed and two children were found
to have mild language disorder at around 3 years of age.

All other studies did not report any significant
neurological anomaly in children with a prenatal
diagnosis of isolated MCM, although no specific
neurodevelopmental tool was used (Table 4)*8739,

Overall, ventriculomegaly before or after birth occurred
in 2.3% (95% CI, 0.1-12.3%) of cases of MCM

Table 3 Pooled proportions (PP) for occurrence of abnormal neurodevelopmental outcome in infants with prenatal diagnosis of posterior

fossa anomaly

Anomaly Studies (n) Fetuses (n/N) Raw (95% CI) (%) I? (%) PP (95% CI) (%)
DWM N 8/13 61.54 (31.6-86.1) 54.2 58.15 (21.8-90.0)
MCM 8 11/81 13.58 (7.0-23.0) 36.2 13.8 (7.3-21.9)
BPC 5 1/46 2.17 (0.1-11.5) 0.0 4.7 (0.7-12.1)
VH 4 3/18 16.67 (3.6—-41.4) 77.7 30.7 (0.6-79.1)

BPC, Blake’s pouch cyst; DWM, Dandy—Walker malformation; MCM, mega cisterna magna; VH, vermian hypoplasia.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 2 Pooled proportions of occurrence of abnormal overall neurodevelopmental outcome in infants with prenatal diagnosis of isolated
posterior fossa malformations: (a) Dandy—Walker malformation; (b) mega cisterna magna; (c) Blake’s pouch cyst; (d) vermian hypoplasia.

Only first author of each study is given.

with no associated structural anomalies and normal
karyotype, but in no case included in this review was
a ventriculoperitoneal shunt needed (pooled proportion
(PP), 0% (95% CI, 0-8.2%)).

Blake’s pouch cyst

Five studies including 46 infants with a prenatal diagnosis
of isolated BPC were included in this review. No study
used a specific neurodevelopmental test to assess cerebel-
lar function. The age of follow-up varied from 1 month
to 10 years. There was no significant association between
BPC and the occurrence of abnormal neurodevelopmental
delay (PP, 4.7% (95% CI, 0.7-12.1%); range, 0—5%;
Table 3 and Figure 2c). No fetus tested for motor
control showed an abnormal outcome (PP, 0% (95% CI,
0-13.2%)).

In the study by Gandolfi Colleoni etal.?!, the
authors included 20 infants with a prenatal diagnosis
of BPC, of which only one showed mild psychomotor
disorder at 3 years. In the other included studies,
no case of abnormal neurodevelopmental outcome was
found??%31:32 " although no specific neurodevelopmental
tool was used (Table 4).

The rate of ventriculomegaly occurring either before or
after birth was 12.4% (95% CI, 2.9-27.1%) but it did
not require shunting in any of the cases (PP, 0% (95% CI,
0-15.4%)).

Vermian hypoplasia

Four studies including 18 infants with a prenatal diagnosis
of VH were included in this review. The duration of
follow-up ranged from 6 months to 10 years.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

There was high heterogeneity among the included
studies, which reported a non-significant occurrence of
abnormal neurodevelopmental delay among these chil-
dren (PP, 30.7% (95% CI, 0.6—-79.1%); range, 0—33%;
Table 3 and Figure 2d). Of the included fetuses, none had
abnormal motor outcome at assessment, performed at a
variety of ages (PP, 0% (95% CI, 0-18.5%)).

In the largest series in this review, Tarui et al.33 prospec-
tively followed 20 children with a prenatal diagnosis
of VH on MRI, with targeted neurodevelopmental tests
including the assessment of cognitive, affective, language
and behavioral measures at school age (Table 4). When
considering only cases with isolated VH and a confirmed
postnatal diagnosis, all 12 children had normal neurode-
velopmental outcome.

No fetus with VH included in this review required
a ventriculoperitoneal shunt (PP, 0% (95% CI,
0-24.7%)).

DISCUSSION
Summary of evidence

The findings of this systematic review show that children
with a prenatal diagnosis of isolated DWM are at
increased risk of abnormal neurodevelopmental outcome.
Isolated MCM has a generally good outcome, although
a small proportion of children may exhibit variable
degrees of developmental delay. Isolated BPC is a benign
condition and the rate of abnormal neurodevelopmental
delay seems to be low. In view of the very small number
of included studies, no clear evidence can be extracted for
isolated VH.

Ultrasound Obstet Gynecol 2016; 48: 28-37.
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Table 4 Summary of studies reporting on the rate of abnormal neurodevelopmental outcome in infants with prenatal diagnosis of isolated Dandy—Walker malformation (7= 35), mega cisterna magna b

(n=8), Blake’s pouch cyst (n=135) or vermian hypoplasia (7 =4)

Patients
assessed  Ab neurodev Age at Neurodevelopmental
Study (n) outcome (n (%))  follow-up tool Outcome in cases of abnormal development
Dandy-Walker malformation
Guibaud (2012)"° 2 2 (100) 1.9-4 years Clinical exam and early Case 1: Walking at 15 months; last visit at 32 months: two-word
development scale sentences, clumsy left-hand grip, upgaze impairment. Hydrocephaly at
1 month and ventriculoperitoneal shunting
Case 2: Walking at 13 months; last visit at 4 years: good non-verbal
reasoning (visuospatial 1Q, 109; verbal IQ, 78), good receptive and
weak expressive language (under speech therapy). Hydrocephaly at 4
months and ventriculoperitoneal shunting
Gandolfi Colleoni (2012)2!* 5 3 (60) 2-10 years Basic neurological exam Case 1: Severe intellectual and motor impairment at 2 years (cerebral
heterotopia diagnosed postnatally)
Case 2: Severe neurological (mostly psychomotor) impairment at 2 years
Case 3: Mild language and psychomotor impairment, postnatal diagnosis
of Ritscher—Schinzel syndrome
Ozkan (2011)22# 2 — NS Basic neurological exam
Has (2004)20# 3 3 (100) 3-5.5 years Basic neurological exam Case 1: 3.5 years old with neuromotor impairment and abnormal
electroencephalography findings, under anticonvulsive therapy
Case 2: 3.0 years old with neuromotor impairment and cystoperitoneal
shunt at 7 months, under anticonvulsive therapy
Case 3: 5.5 years old with neuromotor impairment and cystoperitoneal
shunt at 2 months
Ecker (2000)23* 1 — 6 weeks Basic neurological exam
Mega cisterna magna
Vatansever (2013)%* 6 3 (50.0) 1-2.1 years Griffith Mental Developmental Visuospatial perception and attention problems
Scale (revised), Bailey Scales of
Infant Development (3 edn)
Gandolfi Colleoni (2012)2!* 16 2 (12.5) 2-10 years Basic neurological exam Case 1: Mild language disorder at 2 years 10 months
Case 2: Mild language and motor disorder at 3 years (facial dysmorphism,
no specific genetic diagnosis)
Patek (2012)28* 6 — 1.4-3.3 years Basic neurological exam and
parental report
Bertucci (2011)%* 1 — 6 months Basic neurological exam
Dror (2009)2%* 17 2 (11.8) 16-57 months Gessell Developmental Schedules ~ Case 1: (cisterna magna: 12 mm during pregnancy) 23 months of age;
and Peabody Developmental 4-5-month general delay in all developmental aspects
Motor Scale Case 2: (cisterna magna: 14 mm during pregnancy) 22 months of age; all
developmental milestones delayed. Achieved independent walking at 20
months. The most affected aspects of development were language and
communication. Currently under evaluation for autistic spectrum
disorder
Forzano (2007)30# 13 — 2 days to 3 months  Basic neurological exam
Long (2006)26* 13 1(7.7) 4 years Basic neurological exam Delayed motor development (poor feeding and delayed walking at 29
months)
Leitner (2004)%7 9 3(33.3) 3 months to 3 years Telephone interview Case 1: Delayed motor development

‘v 32 010IUY (]

Case 2: Delayed motor development
Case 3: Delayed motor development and language deficits




Posterior fossa malformations on prenatal imaging (part 2): neurodevelopmental outcome 35

and language function

report
Case 2: Developmental delay based on parental report

NS

Outcome in cases of abnormal development
Case 1: Seizures and developmental delay based on parental

Mild psychomotor disorder at 3 years, normal intellectual

Intelligence (3™ or 4™ edn), Vineland Adaptive
Behaviour Scale-II, Behavior Rating Inventory

of Executive Function, Child Behavior
Checklist, Social Communication Questionnaire

Basic neurological exam and parental report

Wechsler Preschool and Primary Scale of
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Only first author of each study is given. *Additional information provided by the authors. Ab neurodev, abnormal neurodevelopmental; I1Q, intelligence quotient; NS, not stated.

Limitations of the study

The small sample size of the included studies, high
degree of variability in the definition of the different
posterior fossa anomalies and differences in age at
follow-up represent the major limitations of this review.
A basic neurological examination, as carried out in
most of the published studies, may not be sufficient
to determine the neurodevelopmental status of these
children and more accurate tests investigating cognitive,
affective and behavioral functions are needed in order
to ascertain the actual rate of abnormal development.
Furthermore, cases labeled as isolated may have had
subtle undiagnosed associated chromosomal or structural
anomalies®*. Postnatal confirmation of posterior fossa
anomalies can also be challenging, with high rates of
false-positive diagnoses reported in the literature’. The
lack of a standardized protocol for postnatal assessment
in most of the included studies did not enable a precise
estimation of the exact number of diagnoses confirmed
after birth. Moreover, confirmation of the diagnosis using
postnatal imaging was not performed in some of the
included cases. It is therefore plausible that limitations in
study design, sample size, data extraction and outcomes
observed might bias the findings of the current review.

Implications for clinical practice

Prenatal counseling when a fetus is diagnosed with a
posterior fossa anomaly is challenging. Correctly defining
posterior fossa anomalies is the first step in an optimal
diagnostic approach3-3¢; multiplanar assessment of the
posterior fossa using axial, sagittal and coronal planes
is necessary in order to define precisely these conditions,
especially because anomalies with a similar appearance in
the axial plane may have different appearances in other
planes, and may be associated with different outcomes.

The factors already outlined, such as length of
follow-up, neurodevelopmental tool adopted, age at
assessment, presence of additional anomalies and choice
of an appropriate control group are all relevant. The term
‘neurodevelopmental outcome’ can also be misleading
and inappropriate when considering brain anomalies
because it encompasses a wide spectrum of signs with
different underlying disorders and pathological processes,
which are not always easily measured and which
represent a continuous interaction between pathological,
environmental and adaptive factors.

The study by Klein et al.? highlights the need for new
research aimed at finding reliable prognostic imaging
markers; the authors reviewed retrospectively the charts
of 26 patients with a diagnosis of DWM. They found that
no patient in the group with normal vermis morphology
had associated brain malformations and the majority
had normal outcome, while all those with a dysplastic
vermis had associated brain anomalies and abnormal
outcome. As all patients in the second group had
associated brain anomalies, it was not possible to assess
whether the presence of the normal vermian anatomy

was associated independently with a better outcome>.
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The feasibility of detailed evaluation of vermian anatomy
during prenatal life and its independent role in predicting
neurodevelopmental outcome have yet to be established!”.

Isolated MCM is a relatively common finding. The
rate of chromosomal abnormalities and additional
CNS and extra-CNS structural anomalies that are
not detected on ultrasound is low3”. In the current
review, most of the included studies reported a
normal or borderline neurodevelopmental outcome in
the majority of children with isolated MCM. The
pathophysiology of isolated MCM has not been elucidated
completely yet and it is not clear whether expansion
of the posterior fossa by fluid is a pathological
development or represents a normal variant. Dror et al.?
suggested that children with isolated MCM had lower
developmental, visual motor and social performance than
did controls. However, all the mean values for the
neurodevelopmental measures observed were within
normal range, suggesting a generally favorable outcome.

Failure of fenestration of the posterior membranous
area leads to the persistence of Blake’s pouch3®. On
imaging, BPC is characterized by the presence of an
upward displacement of a normal cerebellar vermis,
normal fastigium, tentorium and size of the cisterna
magna. Tetraventricular hydrocephaly is an associated
finding commonly reported postnatally. Although none of
the included studies used specific tools to assess cerebellar
function, the findings of this review suggest a generally
favorable outcome.

Data on the prognosis of children with isolated VH in
this review are debatable. In view of the very small number
of cases included, no robust evidence can be confidently
extrapolated. The results from this meta-analysis are
surprising and disagree with what is observed after
birth, where VH, even if isolated, has been reported
to be associated with developmental delay. We might
speculate that the main bias is due to the definition of VH
before birth — many cases labeled as hypoplasia during
the prenatal period may actually correspond to a normal
vermis, theoretically explaining the reason behind the
favorable outcome reported in this meta-analysis. In the
collective authors’ experience, prenatal diagnosis of VH
is affected by high rates of false-positive cases, with most
of the cases found to be BPC at birth’.

Implications for research

The wide heterogeneity in diagnostic criteria, nomen-
clature and outcome definitions highlights the urgent
need for prospective studies that standardize objec-
tively the classification and prognosis of these anomalies.
Future research should aim at describing objectively the
different posterior fossa anomalies and correlating them
with robust long-term neurodevelopmental measures.

Conclusions

Isolated DWM is associated with an increased risk of
abnormal neurodevelopmental outcome, while isolated

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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MCM and BPC have a generally favorable outcome. In
view of the very small number of patients tested and lack
of an objective prenatal definition, the risk of abnormal
developmental delay in cases with isolated VH needs to
be further assessed. Future large prospective studies with
standardized and objective protocols for diagnosis and
follow-up are needed in order to ascertain the rate of
abnormal neurodevelopmental outcome in children with
isolated posterior fossa anomalies.
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RESUMEN

Objetivos El diagnostico de anomalias aisladas de la fosa posterior en nifios/as esta sesgado por el hecho de que solo se
notifica al personal clinico apropiado cuando presentan sintomas, y la tasa reportada se ve a menudo afectada por la
adopcion de nomenclatura diferente, los criterios de diagnostico, las medidas del resultado, la duracion del seguimiento
y las herramientas de desarrollo neurologico. El objetivo de esta revision sistematica fue explorar el resultado del
desarrollo neurologico de los fetos con diagnostico prenatal de anomalias aisladas de la fosa posterior.

Meétodos Se hicieron basquedas electronicas en MEDLINE y EMBASE, utilizando combinaciones de los términos
médicos mas relevantes para ‘fosa posterior’ y ‘resultado’. Se consideraron adecuados los estudios que evaluaron el
resultado del desarrollo neuroldgico en nifios/as con un diagnostico prenatal de malformaciones aisladas de la fosa
posterior. Entre las anomalias de la fosa posterior analizadas estan el sindrome de Dandy-Walker (SDW), la megacisterna
magna (MCM), el quiste de la Bolsa de Blake (BPC, por sus siglas en inglés) y la hipoplasia vermiana (VH, por sus
siglas en inglés). Todos los resimenes fueron revisados de forma independiente por dos de los autores. La evaluacion de
calidad de los estudios incluidos se realizo mediante la escala Newcastle-Ottawa para estudios de cohortes. Se utilizaron
metaanalisis de proporciones para la combinacion de datos, y la heterogeneidad entre estudios se examind mediante el
estadistico I2.

Resultados Se identificaron un total de 1640 articulos, de los cuales se evalud la elegibilidad de 95 y se incluy6 un total
de 16 estudios en la revision sistematica. La tasa global de resultado de desarrollo neurologico anormal en nifios/as con
un diagnostico prenatal de SDW fue del 58,2% (IC del 95%, 21,8-90,0%), con un rango de 0—100%. En nifios/as con
un diagnostico prenatal de MCM, la tasa de resultado de desarrollo neurologico anormal fue del 13,8% (IC del 95%,
7,3-21,9%), con un rango de 0—50%. No se encontrd una asociacion significativa entre el BPC y la presencia de retraso
de desarrollo neurologico anormal, con una tasa del 4,7% (IC del 95%, 0,7-12,1%) y un rango de 0-5%.Se encontro
un resultado no significativo de casos con retraso del desarrollo neuroldgico anormal en nifios/as con un diagnostico
prenatal de VH, con una tasa del 30,7% (IC del 95%, 0,6-79,1%) y un rango de 0-100%, Aunque afectado por el
escaso numero de estudios

Conclusiones Los fetos diagnosticados con SWD aislado poseen un alto riesgo de resultado de desarrollo neurologico
anormal, mientras que el MCM o BPC aislados tienen, en general, un resultado favorable. El riesgo de retraso en el
desarrollo anormal en casos con VH aislada debe estudiarse mas todavia. En vista de la gran heterogeneidad en el
disefio de los estudios, el tiempo de seguimiento, las pruebas de desarrollo neurologico empleadas y el pequefio namero
de casos incluidos, sera necesario realizar en el futuro estudios prospectivos mas amplios con protocolos objetivos
y estandarizados para el diagnostico y el seguimiento, con el fin de determinar la tasa de resultados de desarrollo
neurologico anormal en nifios/as con anomalias aisladas de la fosa posterior.

HE: i TOCHERI LA 2 SERAHBLIG PR I % A SR, DRI L2 b B 88 53 S WA FE (R a7, IR HLAT ORI 1 5 22
WHE N TRAANFRR G S SBbsdE. S5RNE . FEUIIN (A PG K BRI k2 B . AR RE LR R B K2R > 572
RELR JE P TR AR ) LI R F 4 R

Fig: tFHHLK R MEDLINE #1 EMBASE #0 2,  ZHPCAS ZAH OG5 £ R “J5 s ” A1 “45057 o SRS iR 5 il es
JLE MG R B G R BEAT VR M E SR A NI AR 2 BT S 5 57 5 Dandy-Walker Wi 2 ( Dandy-Walker malformation,
DWM) . EK#Kih (mega cisterna magna, MCM) . Blake FEJIf' (Blake’s pouch cyst, BPC) Fl/Niis &k & A4 (vermian
hypoplasia, VH) o Hi 2 fAEFSSZN G A2 . RHBSITIT Newcastle-Ottawa =R I ANTFFTI 2 H3EAT VAL . X Lol FE bridt
ITEREDHRG FEAE, KA PGt S48 70 10 0 5 0 1

SR JLRRT 1640 F3CHR, Hob o5 A A NG, RELBILAIN 16 . F=RTEHIN DWM 1)L 78 w2 K & 45 R
MRAERNA 582% (95% CI, 21.8%~90.0%) , A 0~100%. FZRIZWIAN MCM [f)LEH, SEMERELSREELRAN 13.8%
(95% CI, 7.3%~21.9%) , JullA 0~50%. BPC 57 HFMAE K FREMNRAETLTWHEMEHE, KEXKNHN 47% (95% CI,
0.7%~12.1%) , JEHAH 0~5%. REFFREEN D, E/7ai2Wy VH WLE T REMERERENRELWERER, REFEN
30.7% (95% CI, 0.6%~79.1%) , I 0~100%.

518 LW RL DWM IR LB A4 A8 4R KA AR o, #L MCM 8K BPC M 45 REF . RidE— Al L% VH L
AR IR . R B SRR R R R B . BEVTRIIS AL BT A 2 8 R AR I NI B2, oA T A BROR S
AT LEDREMERKEERIRER, TN bRAE. 2 RS WA BE VT 77 ST RS AT HE MR 52 .
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ABSTRACT

Objective To describe the sonographic appearance of
fetal posterior fossa anatomy at 11-14weeks of
pregnancy and to assess the outcome of [fetuses
with increased intracranial translucency (IT) and/or
brainstem-to-occipital bone (BSOB) diameter.

Methods Reference ranges for brainstem (BS), IT and
cisterna magna (CM) measurements, BSOB diameter and
the BS : BSOB ratio were obtained from the first-trimester
ultrasound examination of 233 fetuses with normal
postnatal outcome (control group). The intraobserver
and interobserver wvariability of measurements were
investigated using 73 stored ultrasound images. In
addition, a study group of 17 fetuses with increased
IT and/or BSOB diameter was selected to assess outcome.

Results No significant intraobserver or interobserver
variability was found for any measurement in the control
group. In the study group, IT was increased in all cases
and BSOB diameter was above the 95 centile of the
calculated normal range in all but two (88%) cases.
In 13/17 study cases, only two of the three posterior
brain spaces were recognized on ultrasound. These 13
fetuses had a larger BSOB diameter than did the four
cases that showed all three posterior brain spaces, and
had severe associated anomalies including Dandy—Walker
malformation (DWM) and/or chromosomal anomalies.

Conclusions Visualization of the fetal posterior fossa
anatomy at 11-14 weeks’ gestation is feasible. Increased
fluid in the posterior brain at 11-14 weeks, particularly in
the case of non-visibility of the septation that divides the
future fourth ventricle from the CM, is an important
risk factor for cystic posterior fossa malformations,

in particular DWM, and/or chromosomal aberrations.
Copyright © 2015 ISUOG. Published by John Wiley &
Sons Ltd.

INTRODUCTION

The role of the first-trimester ultrasound examination has
expanded from screening for aneuploidy to diagnosing
fetal malformations!™4. At 11-14 weeks of gestation, it
is possible to visualize and measure three spaces in the
posterior brain: the brainstem (BS), the fourth ventricle
or intracranial translucency (IT) and the cisterna magna
(CM). Such anatomical spaces are assessed routinely by
ultrasound in the mid-sagittal view of the fetal face as part
of the nuchal translucency (NT) scan at 11-14 weeks.
Irregularities of the posterior brain spaces, including
their measurements, have been proposed as markers of
posterior fossa anomalies’~’. The correlation between
a decreased amount of fluid in the posterior brain and
open spina bifida is well established®~!2. More recently,
it has been suggested that increased fluid may indicate
the presence of cystic posterior fossa anomalies such as
Dandy-Walker malformation (DWM) and Blake’s pouch
cyst (BPC)!3~18, The aim of our study was to describe the
outcome of fetuses with increased fluid in the posterior
brain at 11-14 weeks.

PATIENTS AND METHODS

We conducted a case—control study in two referral
centers for prenatal diagnosis including patients at low
risk and patients referred because of an increased risk
of chromosomal and/or anatomical defects. The control
group included 233 fetuses with a normal ultrasound
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Early evaluation of posterior fossa

Figure 1 Mid-sagittal ultrasound image of fetal face and brain at
12 weeks’ gestation, showing the three posterior brain spaces:
brainstem (BS), intracranial translucency (IT) and cisterna magna
(CM). The nuchal translucency (NT) and the thalamus (T) are also
visible.

examination and the study group included 17 fetuses with
an increased size of the fourth ventricle and/or increased
brainstem-to-occipital bone (BSOB) diameter.

In each fetus, images of the mid-sagittal view of the face
and brain at 11-14 weeks of gestation were obtained,
following the recommendations of The Fetal Medicine
Foundation (FMF). Three-dimensional volumes were also
obtained and stored. In all cases, the crown—rump
length (CRL) and NT were measured and the nasal
bone, ductus venosus and tricuspid-valve flow were
assessed. A detailed examination of the fetal anatomy
for detection of major defects was performed. Maternal
biochemistry (free B-human chorionic gonadotropin and
pregnancy-associated plasma protein-A) was recorded
when available and the estimated risk of aneuploidy was
calculated using the FMF software.

All ultrasound examinations were performed trans-
abdominally using a Voluson 730 Expert and E8 (GE
Medical Systems, Zipf, Austria) with RAB 4-8-MHz
and RM6C matrix 1-7-MHz sector probes. If the image
quality was poor, an additional transvaginal ultrasound
examination was performed.

Stored images were examined by two operators with
extensive experience in first-trimester scanning who were
unaware of the pregnancy outcomes. The operators
examined the posterior brain in the mid-sagittal view
by visualizing and measuring three spaces between the
sphenoid and occipital bone: the BS, a hypoechoic area
between the posterior border of the sphenoid bone and
the anterior border of the fourth ventricle; the fourth
ventricle or IT, an anechoic area between the posterior
border of the BS and the choroid plexus of the fourth
ventricle; and the CM, another fluid-filled space between
the choroid plexus of the fourth ventricle and the anterior
border of the occipital bone (Figure 1). The BSOB was
defined as the vertical distance between the anterior
border of the fourth ventricle, anteriorly, and the occipital
bone, posteriorly, representing the fourth ventricle-CM

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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Table 1 Intraobserver variability for brainstem (BS) diameter,
brainstem-to-occipital bone (BSOB) diameter, BS : BSOB ratio,
cisterna magna (CM) and intracranial translucency (IT)
measurements in normal fetuses at 11-14 weeks’ gestation
Measurement Bias* Limits of agreement P
BS diameter (mm) 0.2 —1.01 to 1.41 0.299
BSOB diameter (mm) —-0.23 —2.46 t0 2.00 0.222
BS:BSOB ratio 0.02 —0.23 t0 0.26 0.245
CM width (mm) -0.3 —1.89 to 1.29 0.1
IT (mm) —0.03 —1.71to 1.64 0.66
*Mean difference between paired measurements.
Table 2 Interobserver variability for brainstem (BS) diameter,
brainstem-to-occipital bone (BSOB) diameter, BS : BSOB ratio,
cisterna magna (CM) and intracranial translucency (IT)
measurements in normal fetuses at 11-14 weeks’ gestation
Measurement Bias* Limits of agreement P
BS diameter (mm) 0.1 —1.1t01.31 0.75
BSOB diameter (mm) -0.2 —2.40 to 2.00 0.84
BS:BSOB ratio 0.01 —0.22 t0 0.25 0.79
CM width (mm) -0.35 —-1.9t01.20 0.86
IT (mm) -0.05 —1.63to 1.73 0.95

*Mean difference between paired measurements.

complex!3. Caliper placement was performed as described
previously”-13,

Reference measurements for BS, IT and CM, BSOB
diameter and the BS : BSOB ratio were obtained from the
control group of normal fetuses. The agreement and bias
of measurements by a single operator, who made two
repeat measurements from the same image, and by two
different operators, who produced measurements from
the same image independently, were investigated using 73
ultrasound images selected randomly from the database.

To assess the outcome of the study group of fetuses
with fourth-ventricle dilatation and/or an increased
BSOB diameter, we first conducted a retrospective
study over a period of 3years (2009-2011) by
searching the Viewpoint database (ViewPoint 5.6.8.428,
ViewPoint Bildverarbeitung GmbH, WefSling, Germany)
of our referral centers. Thereafter we ran a prospective
evaluation from January 2013 to November 2014 that
was approved by the ethics committee of our hospital.
Detailed information on pregnancy outcome was obtained
by medical records and interviews with the parents and
their physicians.

Statistical analysis

Reference ranges according to fetal CRL for BS diam-
eter, BSOB diameter, BS:BSOB ratio, CM and IT
were obtained by regression analysis. Delta values for
each parameter were calculated in relation to fetal
CRL. The distribution of values was normal for all
parameters in the control group, as demonstrated by a
Kolmogorov—Smirnov test. An independent sample #-test
was used to determine the significance of differences

Ultrasound Obstet Gynecol 20165 47: 720-725.
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Table 3 Outcome in 17 fetuses with posterior fossa (PF) anomaly suspected at 11-14-week ultrasound examination (US)

PF BSOB
spaces CRL diameter Associated anomalies
Case (n) (mm) (mm) at11-14weeks

High risk

of aneuploidy Karyotype

Findings at

mid-trimester US Outcome

1 2 49.8 6.2 AVSD Yes
2 64.3 6.1 HLHS No
3 2 46.0 6.1 None No
4 2 59.7 6.1 Severe cerebral No
ventriculomegaly
N 2 64.0 6.3 None Yes
6 2 50.5 6.5 Univentricular heart, Yes
huge hygroma
7 2 54.0 6.2 None Yes
8 2 50.0 6.2 Vascular ring, Yes
micrognathia
9 2 60.5 6.2 None Yes
10 2 55.4 6.3 None No
11 2 50.0 6.2 Exomphalos, BCLP  Yes
12 2 68.8 6.2 None No
13 2 58.0 6.2 None No
14 3 60.0 5.3 None No
15 3 52.0 5.0 None No
16 3 60.0 5.3 None No
17 3 68.0 5.0 None No

TOP at 14 weeks
TOP at 14 weeks

Trisomy 18
46, XY,der(5)t(5;8)
(p15.33;q924.3)pat

Unknown DWM, ACC TOP at 20 weeks
46,X,dup(Y) (q11.21.23) TOP at 14 weeks
Trisomy 9 mosaicism BPC, IUGR TOP at 19 weeks

46,XX TOP at 13 weeks
46,XX DWM, preauricular TOP at 20 weeks
tags
Triploidy TOP at 13 weeks
Trisomy 18 TOP at 14 weeks
Unknown Isolated DWM Alive
Trisomy 13 TOP at 13 weeks
Mos 92, XXYY DWM, CoA TOP at 20 weeks
[36]/46,XY[9]
46,XY, del(5)t(5;6) TOP at 14 weeks
(p13;q15)mat
Unknown Alive and well
Unknown Alive and well
46,XX BPC, Alive
interhemispheric
cyst, unilateral
hydronephrosis
Unknown Alive and well

ACC, agenesis of corpus callosum; AVSD, atrioventricular septal defect; BCLP, bilateral cleft lip and palate; BPC, Blake pouch’s cyst; BSOB,
brainstem-to-occipital bone; CoA, aortic coarctation; CRL, crown-rump length; DWM, Dandy—Walker malformation; HLHS, hypoplastic
left heart syndrome; IUGR, intrauterine growth restriction; TOP, termination of pregnancy.

in delta values for all parameters between controls
and cases. Bland—Altman analysis was used to assess
the intraobserver and interobserver variability for BS
diameter, BSOB diameter, BS:BSOB ratio, CM and IT
in the control group. Kruskal-Wallis test was used to
compare the significance of the difference between the two
measurements. A P-value <0.05 was considered statis-
tically significant. All data were analyzed with statistical
software package SPSS 15.0 (SPSS, Chicago, IL, USA).

RESULTS

The median CRL at the time of the ultrasound examina-
tion was 63 (range, 45-80) mm in controls and 58 (range,
46-69)mm in the study group. Fourteen (5.6%) cases
required an additional transvaginal ultrasound examina-
tion.

In the control group there was a significant
increase in BS diameter (1.6263+0.02101 x CRL
in mm; SD, 0.36; R?>=0.09832), BSOB diame-
ter (1.6603+0.04277 x CRL in mm: SD, 0.5913;
R2=0.1438), CM width (0.9883 +0.02172 x CRL in
mm; SD, 0.4284; R2=0.07628) and IT measure-
ment (0.6681+0.02092 x CRL in mm; SD, 0.3759;
R?=0.09051) with increasing CRL. The ratio of
BS diameter : BSOB diameter decreased with increasing

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

CRL (0.81837 —0.003757 x CRL in mm; SD, 0.08517;
R?>=0.05881).

The bias (mean difference) and 95 % limits of agreement
between paired measurements of BS and BSOB diameters,
and CM and IT by the same operator and by two
different operators are reported in Tables1 and 2,
respectively. Intraobserver and interobserver variability
was not significant for any measurement.

In the study group (Table 3), IT was increased in all
cases and BSOB diameter was above the 95™ centile of
the calculated normal range in all but two cases (88%;
P <0.0001) (Figures 2 and 3). In the remaining two cases,
BSOB diameter was at the upper limit of the normal
range. The mean BS:BSOB ratio was significantly lower
(P=0.012) than the calculated normal range in 11 (65%)
cases (Figure4). There was no significant difference in
BS diameter of the two groups (P =0.83), although the
study-group values were in the lower segment of the
reference interval.

In 13 of the study cases (Cases 1-13, Table 3), only
two out of three posterior brain spaces were recognized
because the border between the fourth ventricle and
the CM was not visualized (Figure5). These fetuses
had larger BSOB measurements than did the remaining
four cases (Cases 14—17) in which three posterior brain
spaces were seen, and all had severe associated anomalies.

Ultrasound Obstet Gynecol 20165 47: 720-725.
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Figure 2 Brainstem-to-occipital bone (BSOB) diameter in study
group of 17 fetuses with increased intracranial translucency and/or
increased BSOB diameter and in 233 normal fetuses. Boxes
represent median and interquartile range, and whiskers are 5™ and
95t centiles.
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Figure 3 Measurements of brainstem-to-occipital bone (BSOB)
diameter in 17 fetuses with increased intracranial translucency
and/or BSOB diameter (a) and in normal controls (o), according to
crown—rump length (CRL) and plotted on the median, 5™ and 95™
centiles of the control group.

Chromosomal anomalies were found in nine cases, and
in six cases malformations were diagnosed by ultrasound
at 11-14 weeks’ gestation. DWM was present in four
cases (Figure 6), either alone or in combination with other
abnormalities, including chromosomal aberrations and
structural malformations. One fetus with mosaicism of
chromosome 9 identified from chorionic villi was found
to have a BPC and early severe growth restriction at
19 weeks. Overall, 12 couples requested termination of
pregnancy. This was performed within the 14™ week of
gestation in eight cases, and it was not possible to obtain
reliable postmortem conclusions at this early gestational
age. In the remaining four cases that were terminated
at a later gestational age, autopsy always confirmed the
antenatal diagnosis. One pregnancy with a fetus affected

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 4 Measurements of brainstem (BS) to brainstem-to-
occipital bone diameter (BS:BSOB) ratio in 17 fetuses with
increased intracranial translucency and/or increased BSOB diameter
(a) and in normal controls (o), according to crown—rump length
(CRL) and plotted on the median, 5% and 95™ centiles of the
control group.

Figure 5 Mid-sagittal ultrasound image of fetal brain at 13 weeks’
gestation in a case with trisomy 18 and a posterior fossa cyst
(Case 9), showing only two posterior brain spaces because the
border between the fourth ventricle and the cisterna magna is not
visible. Measurements of brainstem (BS) diameter and
brainstem-to-occipital bone diameter (lower arrow) are seen.

by isolated DWM continued to term. The infant was
alive and well at the time of writing, but neurological
outcome is uncertain because of the very short follow-up
(4 months old).

In the four fetuses (Cases 14—17, Table 3) in which three
brain spaces could be seen (Figure 7), IT was increased in
all four and BSOB diameter increased in two. Only one
fetus (Case 16) underwent karyotyping, with a normal
result. This fetus was found at a later stage of gestation
to have a BPC, an interhemispheric cyst (Figure 8) and
unilateral hydronephrosis but was alive and in good
condition at the time of writing, although at a rather
brief follow-up (2 years old). Karyotype was not obtained

Ultrasound Obstet Gynecol 20165 47: 720-725.
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Figure 6 Mid-sagittal ultrasound images of fetal brain in a case of Dandy—Walker malformation (Case 10) at: (a) 12 weeks’ gestation,
visualizing only two posterior brain spaces and an enlarged brainstem (BS)-to-occipital bone diameter (lower arrow) and (b) 20 weeks’
gestation, showing significant rotation of a small cerebellar vermis (BS to vermis (arrow) angle of 53°) and an enlarged posterior fossa.

Figure 7 Mid-sagittal ultrasound image of fetal brain (Case 15) at
12 weeks’ gestation, showing the three posterior brain spaces:
brainstem (BS), cisterna magna (CM) and intracranial translucency
(IT, calipers). At 3.3 mm, IT is enlarged (>95™ centile).

in the remaining three cases, but mid-trimester scans were
negative for anomalies and normal infants were delivered
at term.

DISCUSSION

Our results indicate that visualization and measurement
of the posterior brain at 11-14 weeks’ gestation using
the same mid-sagittal view commonly employed for
measurement of NT is feasible. This is in line with findings
published previously®=?. In all our cases, the examination
was performed successfully, with a need for an additional
transvaginal scan in only a few cases. In normal fetuses,
three spaces are usually recognized, which include (from

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

anterior to posterior) the BS, developing fourth ventricle
and CM, divided by an echogenic line that presumably
represents the choroid plexus of the fourth ventricle. We
obtained values of the size of these structures in a group of
normal fetuses, which were consistent with those reported
previously, and demonstrated that the measurements are
reproducible.

It has been reported that, in fetuses with open spina
bifida compared with normal fetuses, BS diameter is
higher, BSOB diameter is lower and BS:BSOB ratio is
substantially higher8~10, Analysis of our study group
indicates that, unlike in open spina bifida, a large BSOB
diameter and a decreased BS:BSOB ratio, particularly
in combination with the presence of only two brain
spaces, is an important risk factor for either cystic
posterior fossa malformations, most frequently DWM,
or chromosomal aberrations. We were not able to
obtain reliable postmortem conclusions in fetuses with
chromosomal aberrations terminated in early gestation,
but we cannot exclude that these would also have later
developed a posterior fossa malformation. A minority
of fetuses in the study group had three recognizable
brain spaces. None of these fetuses had chromosomal
aberrations, and only one was later found to have a
cerebral anomaly, which was less severe than the ones
described in the subgroup with only two brain spaces
visualized.

Therefore, we suggest that, although the sonographic
demonstration of an enlargement of the fluid spaces of
the posterior fossa at 11-14 weeks’ gestation does not
necessarily indicate the presence of a fetal anomaly, it
represents a major risk factor for cerebral malformations
and a variety of chromosomal anomalies, not just
aneuploidies. The risk is particularly high when the
echogenic line normally dividing the future fourth

Ultrasound Obstet Gynecol 20165 47: 720-725.
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Figure 8 Mid-sagittal ultrasound image of fetal brain in a case with Blake’s pouch cyst (Case 16) at: (a) 12 weeks’ gestation, showing three
posterior brain spaces (brainstem (BS), cisterna magna (CM) and intracranial translucency (IT)), with an enlarged IT diameter (middle
arrow) and (b) 21 weeks’ gestation, showing slight rotation of a normal vermis and a normal-sized posterior fossa. The arrow indicates a

small interhemispheric cyst.

ventricle and CM is not seen, and only two brain spaces
are visible. The combination of this finding with an
increased BSOB diameter results in clearly discernible
cystic dilatation of the posterior fossa that is quite obvious
even in the mid-sagittal view. Conversely, the risk seems
to be low when three brain spaces are seen, although the
number of these cases in our study was small.

The major strengths of our study include the large
number of abnormal cases, the availability of detailed
follow-up information and the strong correlation between
easily recognizable sonographic findings and an abnormal
outcome. The main limitation is that several cases were
referred from other centers and this did not allow us
to assess sensitivity. However, during the period of
this study we saw one case of BPC and one case of
megacisterna magna but no case of DWM in fetuses that
had a normal posterior fossa appearance at 11-14 weeks.
Therefore, we believe that the possibility of identifying the
most severe clinical presentation may be high although
a normal early ultrasound scan does not exclude a cystic
posterior fossa anomaly.

In conclusion, visualization of the fetal posterior fossa
anatomy at 11-14 weeks is feasible. Our study confirms
preliminary reports and indicates that an increased
amount of fluid in the posterior brain at 11-14 weeks,
particularly in the case of non-visibility of the septation
dividing the future fourth ventricle from the CM, is
an important risk factor for cystic posterior fossa
malformations, in particular DWM, and/or chromosomal
aberrations.
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Thick corpus callosum in the second trimester can be
transient and is of uncertain significance
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ABSTRACT

Objectives Depiction of a thick corpus callosum (CC) in
utero is rare, and is generally associated with severe brain
anomalies. Our aim was to describe a group of fetuses
diagnosed during second-trimester ultrasound examina-
tion as baving an apparently isolated thick CC, which
normalized subsequently in the cases followed to term.

Methods Among 59 fetuses referred to the Ob-Gyn
Ultrasound Division of Lis Maternity Hospital with
suspected callosal anomalies between January 2013 and
June 2014, we identified nine cases with an apparently
isolated thick CC for inclusion in this retrospective
cohort study. Length and body thickness of the CC
were compared with previously published nomograms.
Fetuses with a suspected isolated thick CC were identified
and followed until delivery or termination of pregnancy
(TOP). Evaluation consisted of chromosomal analysis, at
least one magnetic resonance imaging (MRI) examination
and repeat ultrasound examinations. Postnatal evaluation
included brain ultrasound examination, MRI when
indicated and neurodevelopmental assessment through
validated pediatric questionnaires.

Results The nine fetuses were diagnosed with an
apparently isolated thick CC at a mean gestational age of
2345 (range, 21-29) weeks. Eight exhibited a CC body
thickness > 28D above the mean for gestational age and
one exhibited only a thickened genu. Six also exhibited
a relatively short CC. Two patients opted for TOP but
declined autopsy. In five of the seven remaining fetuses,
the CC thickness normalized during follow-up. In the
remaining two, the increased CC thickness was a variant
of the cingulate sulcus. The CC length remained < 2§D
in five of the six fetuses with a short CC. Fetal MRI was
performed and confirmed the diagnosis in six fetuses.
The karyotype was normal in all fetuses. Short-term
neurodevelopmental outcome was reported as normal
in all six children with complete follow-up.

Conclusions Although the number of fetuses in our study
is relatively small, it seems that an apparently isolated
thick CCis not necessarily associated with poor prognosis.
In such cases, a definitive diagnosis should not be reached
based on a single measurement and repeat follow-up
examinations during the third trimester are recommended.
Copyright © 2015 ISUOG. Published by John Wiley &
Sons Ltd.

INTRODUCTION

The corpus callosum (CC) is the largest commissure
connecting the cerebral hemispheres. By 18-20 weeks
of gestation it has assumed its final shape and, usually, all
its components can be visualized by ultrasound. From
this time and until delivery, its length and thickness
continue to increase linearly. After delivery, while the
rate decreases, it continues to grow until the end of
adolescence.

Increased availability and rapid improvement of imag-
ing techniques have provided the opportunity to study
in-vivo CC development as depicted by ultrasound!™3
and magnetic resonance imaging (MRI)*. Coinciding
with the acquisition of knowledge regarding its normal
development, there has been a sharp increase in the
number of anomalies of the CC diagnosed in utero>®.
There are increasing reports of complete and partial
agenesis’-%, as well as of callosal pathologies that are rare
or have not yet been described in utero® =12,

In 2009, we reported a series of fetuses with a thick CC.
Most had associated central nervous system pathologies!?.
Seven of eight were diagnosed as syndromic. Only
the child with an isolated thick CC and normal head
circumference was developing normally at the time of
writing. Here, we describe a group of fetuses whose
second-trimester routine ultrasound evaluation showed
an isolated thick CC, which normalized subsequently in
all cases followed to term.

Correspondence to: Prof. G. Malinger, Tel-Aviv Sourasky Medical Center, Lis Maternity Hospital, Division of Ob-Gyn Ultrasound,
6 Weizmann Street, Tel Aviv 64239, Israel (e-mail: gmalinger@gmail.com)
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SUBJECTS AND METHODS

In this retrospective cohort study we retrieved from the
database of the Fetal Neurology Clinic of Lis Maternity
Hospital records for all fetuses with a suspected anomaly
of the CC referred between January 2013 and June 2014.
Those suspected of having an isolated thick CC were
identified and included in this study. The study was
approved by the Institutional Review Board.

The length of the CC and the thickness of the genu,
body and splenium were measured by ultrasound in
the mid-sagittal plane using either transabdominal or
transvaginal probes, depending on fetal presentation, as
described previously'. Measurements were plotted on
the nomograms published by Achiron and Achiron?. The
CC was regarded as thick if any of its parts deviated by
>2SD (above 95 centile) from the reference values in
the nomograms.

All of the fetuses were evaluated for chromosomal
anomalies and most cases were referred for MRI during
the third trimester in order to confirm the findings and to
exclude other anomalies. Fetuses with a clear diagnosis
of pericallosal lipoma were excluded. At least one but
usually more than two follow-up examinations were
performed in all cases.

453

Postnatal brain ultrasound examinations were per-
formed in all cases and postnatal MRI was performed
when indicated. The parents were contacted at the end
of the study period to obtain a postnatal developmental
evaluation, through validated standard questionnaires for
infant development, in use in Israel.

RESULTS

During the study period, 59 fetuses referred with suspected
callosal anomalies were examined in our center. In nine
cases we identified an apparently isolated thick CC, at a
mean gestational age of 23 + 5 (range, 21+ 1 to 29+ 0)
weeks. Reasons for referral were: suspected callosal
dysgenesis (n=35), an echogenic CC (n=1), suspected
agenesis of the CC (n=1), deviation of the pericallosal
arteries (n=1) and asymmetrical ventricles (n=1). All
fetuses were appropriate in size for gestational age and
there was no history of maternal disease or pregnancy
complications. The growth patterns of the thickness of
the body of the CC and the CC length are presented in
Tables 1 and 2, respectively, and in Figure 1.

At the initial examination, eight fetuses had CC
body-thickness measurements >2SD above the mean for

Table 1 Corpus callosal (CC) body-thickness measurements during prenatal follow-up in nine cases with an apparently isolated thick CC

CC body thickness (mm) at:

20-21 22-23 24-25 26-27 28-29 30-31 32-33 34-35 36-37

weeks weeks weeks weeks weeks weeks weeks weeks weeks
5th centile* 1.3 1.8 1.9 1.9 1.7 2.0 2.0 2.2 2.2
95t centile* 1.9 2.2 2.3 2.3 2.2 2.8 3.4 3.3 2.55
Case 1 — — 3.4 2.3 — — 2.2 2.7 2.7
Case 2 2.2 2.7 — 1.8 — 1.9 — 2.3 —
Case 3 — — — — 1.8 1.5 — 1.6 1.5
Case 4 — — — — 2.3 1.6 — — —
Case 5 — — — — 2.2 1.7 1.5 1.6 —
Case 6 — 2.8 — 2.8 — — — 2.2 —
Case 7 2.6 — 2.7 3.2 — 2.0 — 3.0 —
Case 8 2.6 — — — — — — — —
Case 9 — 4.2 — — — — — — —
*Of normal range according to Achiron and Achiron?.
Table 2 Corpus callosal (CC) length measurements during prenatal follow-up in nine cases with an apparently isolated thick CC

CC length (mm) at:

20-21 22-23 24-25 26-27 28-29 30-31 32-33 34-35 36-37

weeks weeks weeks weeks weeks weeks weeks weeks weeks
5th centile* 18.1 21.5 26.3 29.9 32.3 37.1 38.4 41.4 40.0
95th centile* 21.2 25.7 30.6 35.9 38.6 38.4 45.6 50.4 46.8
Case 1 — — 25.9 30.0 — — 33.7 36.0 39.8
Case 2 20.0 28.8 — 35.0 — 41.0 — 42.0 —
Case 3 — — — — 31.0 35.0 — 31.1 43.0
Case 4 — — — — 30.0 30.0 — — —
Case 5 — — — — 35.6 35.0 37.0 39.0 —
Case 6 — 17.7 — 27.0 — — — 36.0 —
Case 7 21.0 — 28.0 29.7 — 35.0 — 38.0 —
Case 8 23.0 — — — — — — — —
Case 9 — 23.4 — — — — — — —

*Of normal range according to Achiron and Achiron?.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 1 Corpus callosal (CC) body-thickness (a) and length (b)
measurements during prenatal follow-up, plotted against reference
values (----- ) according to Achiron and Achiron?. In Cases 8 and 9
the parents opted for termination of pregnancy during the second
trimester after a single abnormal measurement. (a) In five fetuses
(Cases 1, 2 and 4-6), measurements of CC body thickness were
abnormal (> 2SD above the norm) initially, but normalized during
the third trimester; in Case 3 the only thickened part was the genu.
(b) In five fetuses (Cases 1 and 4-7) the CC length was short
towards the end of pregnancy, at > 2SD below the norm; in Case 2
the length was never short; in Case 3 it was short at diagnosis, but
normalized by 36 weeks. Case 1, A; Case 2, @; Case 3, x; Case 4,
0; Case 5, A; Case 6, ¢; Case 7, @; Case 8, +; Case 9, O0.

their gestational age (Figure 2). Three fetuses had a thick
genu; in one of them this was the only thickened part of
the CC (Figure 3). The splenium was considered normal
in all fetuses but in two its thickness was > 1SD above the
mean. When depicted in the coronal plane the CC was
found to be thicker on one side compared with the other
in three cases (Figure 3).

Six fetuses also exhibited a short CC, deviating > 25D
below the norm, at the time of diagnosis or during
follow-up examinations. Hyperechogenicity of the CC,
as compared with the cingulate gyrus, was noted in all
fetuses. In two of them the echogenic part was actually
a cingulate gyrus variant adjacent to the anterior part
of the CC (Figure3). In one fetus the cavum septi
pellucidi contained a smaller-than-expected amount of
fluid, making visualization and measurements of the CC
difficult. Irregularities of the lower border of the CC were
present in two fetuses (Figure 4).

Associated findings included an abnormally twisted
course of the pericallosal arteries (7=2), asymmetrical
ventricles with maximum width of the atrium of the larger

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 2 Ultrasound image (mid-sagittal plane) at 22 gestational
weeks in Case 2, showing a thick corpus callosal body. Note that
the genu is not well defined.

ventricle of 10 mm (nz=1) and a persistent right umbilical
vein (n=1). The head circumference was considered
normal in all cases.

In four of six fetuses with complete follow-up the
measurements normalized during the third trimester. In
the remaining two the increased thickness of the CC
was found to be related to the presence of a variant
of the cingulate gyrus (Figures 3 and 5). Regarding the
three without complete follow-up, the parents opted for
termination of pregnancy during the second trimester
in two; postmortem examination was not performed in
these cases. In the other case lost to follow-up the CC
normalized at 35 weeks.

The variations in the length of the CC were less
pronounced than were those of the thickness and,
although the CC remained short, being > 25D below the
norm in five of six patients followed to term, it exhibited
continued growth in all fetuses.

MRI was performed in six fetuses during the third
trimester. In all but one (in which MRI was performed
after sonographic normalization of the CC), the anomalies
in the thickness of the CC were evident. Additional
findings included lateral ventricular asymmetry without
dilatation (#=1) and anterior horn asymmetry of the
lateral ventricles (7=2).

The karyotype was normal in all nine fetuses.
Chromosomal microarray was performed in two and the
results were normal.

Postnatal ultrasound evaluation showed normal CC
thickness in all six patients. Brain MRI was performed in
two babies and showed cingulate gyrus variants (Figure 5).
According to the parents’ answers to the development
questionnaires, adjusted for age, the children had normal
development at the time of the interview (median age,
9 (range, 7-18) months). At the time of writing, two
children were being followed up by a pediatric neurol-
ogist and had normal neurological and developmental
examinations.

Ultrasound Obstet Gynecol 2016; 48: 452-457.
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Figure 3 Ultrasound images in a fetus with thick genu (Case 3). (a) Mid-sagittal plane at 28 weeks showing thick genu (arrows). Note the
difference in thickness when compared with the corpus callosal body. (b) Coronal plane at 30 weeks showing asymmetry between left and
right sides of CC and presence of a sulcus (arrow) on the right. (c,d) Mid-sagittal planes at 30 weeks showing thick appearance of CC on

right side of brain (c) and normal appearance on left side (d) (arrows).

Figure 4 Ultrasound image (mid-sagittal plane) at 21+ 6
gestational weeks in Case 7, showing a thick corpus callosum with
an echogenic zone protruding into the cavum septi pellucidi.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

DISCUSSION

In children and adults, reports of a thick CC are rare'3.

It can be found in patients with neurofibromatosis and it
has been linked to abnormalities of the white matter and
macrocephaly'®. A thick CC associated with microcephaly
is characteristic of Cohen syndrome'®. It is also found
in patients with macrocephaly-capillary malformation
syndrome'®. Relative thickness is described in adults with
schizophrenial”,

The identification of a thick CC in utero has been
described, almost invariably in patients with associated
anomalies’. In our previous study!? including eight fetuses
with a persistent thick CC and associated anomalies, we
suspected neurogenetic syndromes that would carry a
poor prognosis. This finding may be supported by the
fact that CC development occurs at the time of neuronal
migration.

The significance and prognosis of a thick CC, when
isolated, remains unknown due to the fact that there are

Ultrasound Obstet Gynecol 2016; 48: 452-457.
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Figure 5 Prenatal (a) and postnatal (b) ultrasound images in Case 6, which had an apparently aberrant genu (arrows) due to a variant of the

cingulate gyrus.

no published reports on visualization of an isolated thick
CC during the second trimester. In such cases, as shown
in our present series, conclusions should not be reached
based on a single measurement and continued prenatal
surveillance is recommended. Our patients were referred
for different suspected CC or surrounding structural
pathologies. Interestingly, in none of them was the
CC considered thick by the referring ultrasonographer.
The number of these cases with a suspected thick CC
(9/59; 15.2%) is surprisingly high, three times greater
than the frequency found in our previous study!'?. This
high incidence is probably an overestimation, since many
cases with clear callosal anomalies are currently diagnosed
and counseled during the second-trimester scan without
being referred to our unit. Another possible explanation
is that, since we are aware of this pathology and its
association with callosal hyperechogenicity, we currently
assess the thickness of the CC in all patients referred for
neurosonography.

We found that the thickness of the CC normalized
during the third trimester in all the patients who were
followed up, but the length remained relatively short,
deviating by >2SD below the norm. Despite this sup-
posed anomaly, at the time of writing, neurological
development as determined by validated standard devel-
opmental questionnaires was normal in all six children
who were followed to term as fetuses. We acknowledge
the limitation in follow-up (parental reporting of validated
neurodevelopmental questionnaires as opposed to a for-
mal evaluation by a neurologist) and the young age of the
children at the time of data acquisition. However, despite
these limitations, which prevent us from drawing defini-
tive conclusions regarding the implications of a thick/short
CC, the findings cast doubt on its clinical significance.

A pericallosal lipoma should be considered as an
underlying etiology'®, since changes in echogenicity can
occur during pregnancy in these fetuses. Pericallosal
lipomas are usually isolated and carry a good prognosis,

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

so missing their diagnosis probably does not alter obstetric
management.

We believe that in at least some cases an apparent
increased thickness of the CC may be an artifact
produced by either partial early obliteration of the
cavum septi pellucidi or the development of cingulate
variants, particularly when there is a supra cingulate
gyrus (Figure 3). The significance of deviant development
of the cingulate is not known.

We assume that in at least some of the cases described
here, the increased thickness and normalization observed
was due to remodeling of the CC during pregnancy by
a continuous process of neuronal apoptosis and growth
of the axons in conjunction with premyelination axonal
changes. The asymmetries found in the coronal planes
are more difficult to explain but are probably due to
the fact that the axons do not cross the midline in a
perpendicular direction, and they are therefore visualized
obliquely.

According to the neurodevelopmental evaluation, the
development of all six children followed to term as fetuses
was normal at the time of writing. However, it is too early
to reach conclusions since the children are still very young,
most being below the age of language and communica-
tion development. None manifested abnormal growth,
dysmorphic features or delayed motor development, so
we can assume that they do not have a neurogenetic
syndrome. Further formal evaluations are required
to determine their neurodevelopmental status before
definitive conclusions can be drawn regarding prognosis.

The significance of visualization of an abnormally thick/
short CC remains unknown. We conclude that depiction
of an isolated thick/short CC during the second trimester
is not necessarily pathological, and can indicate late, but
normal, CC development. We suggest that a prognosis
should not be offered based on a single measurement of a
thick CC and recommend continued prenatal surveillance
in these cases.

Ultrasound Obstet Gynecol 2016; 48: 452-457.
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ABSTRACT

Objective Vein of Galen aneurysmal malformation
(VGAM) is a rare fetal anomaly, the neurological
outcome of which can be good with appropriate perinatal
management. However, most fetal series are too small to
allow reliable statistical assessment of potential prognostic
indicators. Our aim was to assess, in a two-center series of
49 cases, the prognostic value of several prenatal variables,
in order to identify possible prenatal indicators of poor
outcome, in terms of mortality and cerebral disability.

Methods This was a retrospective study involving 49
cases of VGAM diagnosed prenatally and managed at
two centers over a 17-year period (1999-2015). All
cases had wundergone detailed prenatal cerebral and
cardiac assessment by grayscale ultrasound, color and
pulsed-wave Doppler and magnetic resonance imaging
(MRI). Ultrasound and MRI examination reports and
images were reviewed and outcome information was
obtained from medical reports. Volume of the VGAM (on
ultrasound and MRI) was calculated and development
of straight-sinus dilatation, ventriculomegaly and other
major brain abnormalities was noted. Cardiothoracic
ratio, tricuspid regurgitation and reversed blood flow
across the aortic isthmus were evaluated on fetal
echocardiography. Major brain lesions were considered
by definition to be associated with poor outcome in all
cases. Pregnancy and fetoneonatal outcome were known
in all cases. Fetoneonatal outcome and brain damage
were considered as dependent variables in the statistical
evaluation. Poor outcome was defined as death, late

termination of pregnancy due to association with related
severe brain anomalies or severe neurological impairment.

Results At a mean follow-up time of 20 (range, 0-72)
months, 36.7% of the whole series and 52.9% of the
cases which did not undergo late termination were
alive and free of adverse sequelae. Five (10.2%) cases
showed progression of the lesion between diagnosis
and delivery. Omn wunivariate analysis, dilatation of
the straight sinus, VGAM volume >20000mm’® and
tricuspid regurgitation were all significantly related to
poor outcome. However, on logistic regression analysis,
the only wvariables associated significantly with poor
outcome were tricuspid regurgitation and, to a lesser
extent, VGAM volume >20000mm?. The former was
also the only variable associated with brain damage.

Conclusions Major brain lesions, tricuspid regurgitation
and, to a lesser extent, VGAM volume > 20 000 mn® are
the only prenatal variables associated with poor outcome
in fetal VGAM. Prenatal multidisciplinary counseling
should be based on these variables. Copyright © 2016
ISUOG. Published by John Wiley ¢& Sons Ltd.

INTRODUCTION

Vein of Galen aneurysmal malformation (VGAM)
represents the most common cerebral arteriovenous
malformation detected prenatally and accounts for
30% of all pediatric vascular malformations'. This
malformation results from a connection between the
primitive choroidal vessels and the median prosencephalic

Correspondence to: Prof. D. Paladini, Fetal Medicine and Surgery Unit, Instituto Giannina Gaslini, Genoa, Italy (e-mail:

dpaladini49@gmail.com)
Accepted: 8 August 2016

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

ORIGINAL PAPER



Vein of Galen aneurysmal malformation in the fetus

vein of Markowski between the 6™ and 11™ weeks of
gestation. The abnormal shunt prevents involution of
the embryonic vein and the subsequent development of
the vein of Galen'. The diagnosis is made prenatally,
commonly in the third trimester, though earlier diagnoses
have been reported”=>. Fetal two- (2D) and three- (3D)
dimensional ultrasound and magnetic resonance imaging
(MRI) have been employed to characterize VGAM.

Modern endovascular techniques in conjunction
with specialized perinatal intensive care management
have enabled VGAM to become a potentially curable
condition, with several affected patients achieving normal
neurological development®”. Although prognostic factors
detectable prenatally would be highly desirable, they are
still lacking because most case series reported so far have
been small, and evaluation of prognostic indices has been
limited mainly to those ascertainable postnatally”-®. An
analysis of 21 fetal cases was reported recently by one
of our two centers, together with a comprehensive review
of the literature’. In that series, the number of cases
harboring concurrent severe brain abnormalities was
high, and the consequently high rate of late termination
of pregnancy (TOP) limited statistical assessment of the
relevance of prenatal prognostic indicators.

The aim of this study was to assess, in a two-center
series of 49 cases, the prognostic value of several prenatal
variables related to the malformation itself, its clinical
history and the neonatal course. The primary endpoint of
the analysis was to identify possible prenatal indicators
of poor outcome, in terms of mortality and cerebral
disabilities, with a secondary aim to identify possible
factors heralding in-utero progression and/or association
with other brain abnormalities.

METHODS

This was a retrospective study involving all cases of
VGAM diagnosed prenatally which were managed at
two centers over a 17-year period (1999-2015): 19 were
managed at Istituto Giannina Gaslini, Genoa, Italy in
the period 2008-2015, and 30 were managed at Necker
Hospital, Paris, France in the period 1999-2015. Both
centers act as national referral centers for VGAM, which
explains the relatively high number of cases seen at each
institution. Gestational age was based on measurement
of crown-rump length or certain date of last men-
strual period for all pregnancies. All cases underwent at
least one detailed ultrasound examination (2D and, more
recently, 3D) and at least one MRI prenatally (Figure 1).
Ultrasound assessment included fetal neurosonography!'®
and echocardiography. The former, performed trans-
abdominally and, if feasible, transvaginally, allowed a
detailed grayscale and color/power Doppler evaluation
of the VGAM on 2D and 3D imaging, together with
a search for concurrent major brain lesions. In partic-
ular, the following parameters were recorded: orthogo-
nal diameters of the VGAM (craniocaudal, laterolateral
and anteroposterior), volume of the VGAM, calculated
from the three diameters using the ellipsoid formula,

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.
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presence/absence of straight sinus dilatation (Figure 1),
presence/absence of ventriculomegaly (defined as width
of the ventricular atrium > 9.9 mm on an axial transven-
tricular view of the fetal brain'®) and presence/absence of
other major brain abnormalities. These included (alone or
in combination): ventriculomegaly, hemorrhage, necrosis,
porencephaly, schizencephaly and cortical malformations
(mainly micropolygyria). Fetal echocardiography was
aimed at assessment of cardiac overload: after ruling out
major cardiac anomalies, the cardiothoracic ratio (CTR),
tricuspid regurgitation and, more recently, reversed blood
flow across the aortic isthmus were evaluated. The CTR,
measured as cardiac area/thoracic area on a four-chamber
axial view of the fetal thorax, was considered abnormal
if it was > 0.50'!. Tricuspid regurgitation was considered
present when flow across the tricuspid valve was holosys-
tolic (rather than occurring in early systole only) and/or
if the regurgitant jet had a maximum velocity > 2 m/s'.
Blood flow in the aortic isthmus was considered abnormal
if reversed diastolic flow was detected on spectral Doppler
investigation®!3. Prenatal MRI was similarly directed at
evaluating all features of the malformation and other con-
current brain abnormalities. As a policy of both institu-
tions, MRI was performed at the time of referral or as soon
after that as was logistically feasible. In cases in which
progression of the lesion was documented on ultrasound,
as well as in those in which delivery took place several
weeks after the diagnosis, a follow-up MRI was discussed
case-by-case and performed according to local resources.

For the purposes of this study, all ultrasound and MRI
examinations were reviewed, including biometric and
anatomical findings based on ultrasound reports and
stored images or 3D volume datasets. In five cases of the
Necker series, only the MRI reports and not the images
themselves were available. The VGAM volume in mm?3
was calculated, for both ultrasound and MRI exami-
nations, using the ellipsoid formula (a x b x ¢ x 0.523,
where a, b and ¢ are the three orthogonal diameters).
For ultrasound, the three diameters were measured on
grayscale images or 3D volume datasets and not on 2D or
3D color or power Doppler ones, because the relatively
high priority of the color Doppler signal needed to ‘fill
in’ the vessels would lead to overestimation of the actual
diameters. The number of afferent and efferent vessels
was derived only from postnatal MRIL.

The categorical variables assessed pre- and postna-
tally included: ventriculomegaly, straight sinus dilatation,
brain lesions other than VGAM, prenatal cardiothoracic
ratio, reversed flow in the aortic isthmus, tricuspid regur-
gitation, heart failure (hydrops), neonatal embolization
< 30 days of age, placement of ventriculoperitoneal shunt
and need for anticonvulsant drugs. Major brain lesions
evident at ultrasound or MRI were considered by defi-
nition to be associated with poor outcome in all cases.
Delivery records were reviewed and pregnancy outcome
data collected. Information on the outcome of liveborn
infants was retrieved from pediatric, radiological and
neuroradiological records, with most of the surviving

Ultrasound Obstet Gynecol 2017; 50: 192-199.
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Figure 1 Prenatal imaging of vein of Galen aneurysmal malformation (VGAM) in a 36-week fetus (a,b,c) and a 35-week fetus (d,e,f), using:
(a,d) three-dimensional (3D) transvaginal neurosonography (midsagittal view); (b,e) 3D power Doppler rendering; and (c,f) magnetic
resonance imaging (MRI, sagittal T2-weighted imaging, 1.5 T). (a,b,c) In this case, there was only very limited dilatation of the straight
sinus, evident on power Doppler rendering (arrow) and MRI (not in same slice as that shown in (c)). VGAM (%) is depicted clearly in all
three modalities. (d,e,f) In this case, there was severe dilatation of the straight sinus as well as of the multiple feeder arteries and draining
sinuses. The main axis of the Galen dilatation was laterolateral, which explains the apparent discrepancy between grayscale imaging (d) and
power Doppler rendering (e). Both ampulla (%) and a huge dilatation of the straight sinus (arrow) were evident in all three modalities.
Arrowheads in (e) indicate transverse sinuses. ISS, inferior sagittal sinus; SSS, superior sagittal sinus.

neonates being followed up at one of the two institu-
tions. Information on cases which underwent late TOP
and those which resulted in perinatal death was retrieved
from medical and pathological records.

Progression was defined as development of brain
damage other than the VGAM, such as hemorrhage or
ventriculomegaly, in the period from diagnosis to delivery.
If the new lesion was detected only after birth but the
last prenatal ultrasound/MRI was normal, this was not
considered as progression.

Fetoneonatal outcome and brain damage were consid-
ered as dependent variables in the statistical evaluation.
Outcome was considered good if the child had normal
cardiac and neurological status at the last follow-up.
Poor outcome was defined as death, late TOP due to
association with related severe brain anomalies, or severe
neurological impairment.

As far as late TOP is concerned, this is allowed in France
for pregnancies complicated by severe fetal anomalies but
not in Italy, where the legal limit for TOP is 22 gestational
weeks. In France, any case in which the parents opt for
late TOP is discussed in a multidisciplinary committee
and the procedure is then performed if approved by
the committee.

The postnatal management protocol of VGAM was
similar in the two centers and, due to the relatively short

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

(considering the rarity of the malformation) study time
of 17 years, throughout the study period. After delivery,
affected neonates were transferred to the neonatal
intensive care unit to allow for immediate evaluation
by the pediatric cardiologist and intensivist. If needed,
respiratory support with positive-pressure ventilation or
intubation was initiated. Cardiovascular examination,
echocardiography, transcranial ultrasound and, if possi-
ble, MRI were performed on the first postnatal day. Heart
failure, when present, was managed with medication. If
patients could not be weaned from ventilatory support
or intravenous medication or if they progressed towards
multiorgan failure, early endovascular intervention was
performed. In all other cases, embolization was planned
at 4-6 months of age, in agreement with published
evidence demonstrating poorer outcome in case of early

neonatal embolization®.

Statistical analysis

Statistical analysis was performed with the Statistica
release 9 package (StatSoft Corp., Tulsa, OK, USA) for
univariate analyses and the software Stata release 7 (Stata
Corporation, College Station, TX, USA) for multivariate
analyses. Outcome (good vs poor) and brain damage (as
defined above) were considered as dependent variables

Ultrasound Obstet Gynecol 2017; 50: 192-199.
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in the statistical evaluation. Descriptive statistics were
produced: qualitative variables were summarized in terms
of absolute frequencies or percentages and quantitative
variables were summarized in terms of medians and
interquartile range. A comparison of frequencies was
performed using chi-square or Fisher’s exact test (the latter
in case of expected frequencies <5). A comparison of
quantitative variables between two categories of patients
(patients with good outcome vs those with poor outcome)
was carried out using the non-parametric Mann—Whitney
U-test (in case of skewed distributions). Before performing
the logistic regression analysis, one continuous variable
(VGAM volume) was categorized on the basis of
receiver—operating characteristics (ROC) curve analysis.
Finally, two logistic regression models were fitted in order
to evaluate the role of different determinants with respect
to poor outcome or brain damage. Variables that turned
out to be significant at univariate analysis and those
judged a priori to be potentially relevant from a clinical
point of view were entered into the model. Odds ratios and
95% Cls were calculated and reported. The log-likelihood
ratio test was used to test statistical significance. The area
under the ROC curve of the best-fitting model was used as
an indicator of its predictive ability. All the tests were two
sided and P < 0.05 was considered statistically significant.

Table 1 Characteristics of study population of 49 cases of
prenatally diagnosed vein of Galen aneurysmal malformation
managed at two centers between 1999 and 2015

Gaslini Necker
Hospital Hospital
Variable (n=19) (n=30)
Maternal age (years) 33.6+4.7 31.6+£3.4
Gestational age at diagnosis (weeks) 32+£2.3 33+3.3
Gestational age at delivery (weeks) 37422 38+3.2%
Birth weight (g) 2975+ 566 3067 +£722%
Follow-up (months) 29426 12+17*
Preterm delivery < 37 weeks 8 (42) 2 (13)*

Preterm delivery < 32 weeks 1(5) 1(7)*
Alive at last follow-up 13 (68) 8(53)"

Values are given as mean £ SD or 7 (%). *Excluding 15 cases
which underwent late termination of pregnancy.
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RESULTS

Characteristics of the 49 cases of VGAM are shown
in Table 1. Descriptive statistics for dichotomous and
continuous variables are reported in Tables 2 and
3, respectively. With respect to fetoneonatal outcome
(Table 4), 36.7% of the whole series and 52.9% of
the cases which did not undergo late TOP were alive
and free from adverse sequelae at a mean follow-up of
20 (range, 0—72)months. Five (10.2%) cases showed
progression of the lesion between diagnosis and delivery;
their characteristics are shown in Table 5. Three (6%)
cases needed placement of a ventriculoperitoneal shunt
to resolve post-hemorrhagic obstructive hydrocephalus,
while two (4.1%) were undergoing anticonvulsant
therapy at the time of writing. With respect to
measurement of the VGAM volume, there was fair
agreement between prenatal ultrasound and MRI values
(R2, 0.86; Figure 2).

Predictors of poor outcome

On univariate analysis, dilatation of the straight sinus,
VGAM volume >20000mm? (20mL) and tricuspid
regurgitation were all significantly related to poor
outcome (Table 6). However, on logistic regression
analysis, the only variables associated significantly with
poor outcome were tricuspid regurgitation and, to a lesser
extent, VGAM volume > 20 000 mm? (Table 7).

Predictors of brain damage on prenatal/postnatal
ultrasound or magnetic resonance imaging

The analysis was repeated with brain damage as the
dependent variable, to evaluate whether any of the
variables might be predictive of central nervous system
lesions, such as hemorrhage, ventriculomegaly or cortical
anomalies, associated with VGAM, arising in utero or
after birth. In this case, on univariate analysis, all
tested variables were associated with concurrent brain
lesions (Table 8). However, on logistic regression analysis,

Table 2 Prenatal and postnatal dichotomous variables assessed in 49 cases of vein of Galen aneurysmal malformation (VGAM)

Timing

Absent Present N/A
Variable Method Pre Post (n (%)) (n (%)) (n (%))
Ventriculomegaly US + MRI + + 26 (53.1) 3 (46.9) 0 (0)
Straight sinus dilatation US + MRI + + 17 (34.7) 1(42.9) 11 (22.4)
Brain lesions other than VGAM uUs + + 31 (63.3) 8 (36.7) 0 (0)
Prenatal cardiothoracic ratio UsS + - 14 (28.6) 5(71.4) 0 (0)
Al reversed flow Us + - 15 (30.6) 4(28.6) 20 (40.8)
TV regurgitation us + - 33 (67.3) 6 (32.7) 0 (0)
Heart failure (hydrops) UsS + - 45(91.8) 4 (8.2) 0 (0)
Embolization < 30 days of age Clinical - + 10 (20.4) 6(12.2) 33 (67.3)
Placement of VP shunt Clinical - + 40 (81.6) 3(6.1) 6(12.2)
Need for anticonvulsant drugs Clinical - + 47 (95.9) 2 (4.1) 0 (0)

Al, aortic isthmus; MRI, magnetic resonance imaging; N/A, not available; Post, postnatal; Pre, prenatal; TV, tricuspid valve; US, ultrasound;

VP, ventriculoperitoneal.

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.
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only the presence of tricuspid regurgitation remained 120000 -
associated significantly with brain damage (Table 7).
100000 -
Prenatal progression of VGAM Z °
A VGAM-related brain lesion appeared between prenatal UE; 80000 - ¢
diagnosis and delivery in five (10.2%) cases (Table 5). = .
The numbers are too small to allow statistical analysis, % 60000 -
but comparison of the VGAM volume in the four with S e A,
this information available vs the remaining cases without > 40000 « A
progression showed VGAM volume to be > 40 000 mm? S So o
in all four cases showing late-onset prenatal brain insults = o ® ° e
but in only 14.3% (4/28) of those with no progression 20000 oS
(Figure 3). Of these four, one neonate died at 3 months ) 9
and another was alive at the time of writing but 0/ | | | | | |
underwent Ventriculoperitoneal shunt placement due to 0 20000 40000 60000 80000 100000120000
hydrocephalus. VGAM volume: MRI (mm?)

Table 3 Descriptive statistics for continuous variables in a series of
49 cases of vein of Galen aneurysmal malformation (VGAM)

Figure 2 Vein of Galen aneurysmal malformation (VGAM) volume
calculation: scatterplot showing correlation between prenatal

ultrasound (US) and magnetic resonance imaging (MRI)
(R? linear =0.858).

Variable n  Min Max Mean SD
VGAM volume (mm3)* 42 4423 168911 35794 30590
Afferent vessels (1)1 41 1 6 3.93 1.44
Efferent vessels (n)t 41 1 2 1.12 0.33
200000 -

*On prenatal magnetic resonance imaging (MRI). +On postnatal
MRI. Max, maximum; Min, minimum.

ng\ 150000 -
Table 4 Fetoneonatal outcome in 49 cases of vein of Galen £
aneurysmal malformation g o

%’ 100000

% of é o

Outcome n % ongoing pregnancies = T

O
Late TOP 15 306 — > 30000
Intrauterine fetal death 1 2.0 2.9
Neonatal death 11 22.4 32.3 T
Infant death 1 2.0 2.9 0 . .
Alive and well* 18 36.7 52.9 No progression Progression
Alive with sequelae™t 3 6.1 8.8

Figure 3 Box-and-whiskers plot showing relationship between vein
of Galen aneurysmal malformation (VGAM) volume measured on
magnetic resonance imaging and prenatal progression of lesion.
Boxes and internal lines represent median and range, whiskers
represent interquartile range and circles represent outliers.
Reference line is at 40 000 mm?>.

*Mean follow-up, 20 (range, 0—72) months. +One case each of:
seizures in a case of hydrocephalus treated with ventriculo-
peritoneal shunt; periventricular leukomalacia; spastic tetraparesis,
which is currently being investigated for genetic mutations due to
recurrence of cerebral arteriovenous malformation in second
pregnancy (not included in present report) 5 years after index case.
TOP, termination of pregnancy.

Table 5 Characteristics of the five cases of vein of Galen aneurysmal malformation (VGAM) showing progression of lesion from diagnosis
to delivery

GA at

GA at diagnosis Straight sinus VGAM Abnormal Heart progression

(weeks) dilatation volume (mm3) TR CTR failure (weeks) New finding

31 Yes 168910 No Yes No 32 Necrosis, porencephaly
32 No 52675 No Yes No 36 Severe ventriculomegaly
35 N/A 33504 No Yes No 37 Necrosis, porencephaly
31 N/A N/A No No No 36 Necrosis, porencephaly
31 Yes 43345 Yes No No 38 Necrosis, porencephaly

CTR, cardiothoracic ratio; GA, gestational age; N/A, not available; TR, tricuspid regurgitation.
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Table 6 Relationship according to univariate analysis between different predictors and poor outcome in a series of 49 cases of vein of Galen

aneurysmal malformation (VGAM)

Variable Missing cases (n (%)) Poor outcome Good outcome P
Straight sinus dilatation 11 (22.4) <0.0001¢t
Yes (n=21) 16/21 (76.2) 5/21 (23.8)
No (n=17) 2/17 (11.8) 15/17 (88.2)
Mean VGAM volume (mm?) 7(14.3) 33963 (22 678-44594) 19216 (11990-35114) 0.06%
VGAM volume > 20 000 mm>* 7 (14.3 0.0011
Yes (n=29) 20/29 (69.0) 9/29 (31.0)
No (n=13) 2/13 (15.4) 11/13 (84.6)
Tricuspid regurgitation 0(0) <0.0001¢t
Yes (n=16) 15/16 (93.8) 1/16 (6.3)
No (n=33) 13/33 (39.4) 20/33 (60.6)
Aortic isthmus reversed flow 20 (40.8) 0.096t
Yes (n=14) 8/14 (57.1) 6/14 (42.9)
No (n=15) 4/15 (26.7) 11/15 (73.3)

Data are given as #/N (%) or median (interquartile range). Poor outcome defined by death, late termination due to association with related
severe brain anomalies or severe neurological impairment. Good outcome defined by normal cardiac and neurological status at last
neonatal/infant follow-up. *Actual value according to receiver—operating characteristics curve = 19 807.1 mm?. t+Chi-square test.

tMann-Whitney U-test.

Table 7 Vein of Galen aneurysmal malformation (VGAM) in the
fetus: best fitted logistic regression model for poor outcome
(n=22/42; 52.4%)* and brain damage (7 =13/42;40.0%)t

Table 8 Relationship according to univariate analysis between
different predictors and brain damage in a series of 49 cases of vein
of Galen aneurysmal malformation (VGAM)

OR (95% CI) Pt

Dependent variable: poor outcome
VGAM vol >20000 vs < 20000 mm3§ 15.5 (1.6-155.7) 0.004
TR present vs absent 33.8 (2.5-450.6) 0.0003
Dependent variable: brain damage
VGAM vol =20 000 vs <20000 mm>§ 6.2 (0.6-63.0) 0.08
TR present vs absent 9.0 (1.8-43.9) 0.001

Poor outcome defined by death, late termination due to association
with related severe brain anomalies or severe neurological
impairment. Brain damage defined as development of any kind of
brain lesion possibly related to VGAM. *Area under location
receiver—operating characteristics curve (LROC) of model: 0.86.
TLROC of model: 0.82. tLog-likelihood ratio test. §Actual value
according to ROC curve =19 807.1 mm?3. OR, odds ratio; TR,
tricuspid regurgitation; vol, volume.

DISCUSSION

VGAM is a complex malformation, the natural history
of which is not understood completely’. To predict at the
time of prenatal diagnosis which case will develop severe
brain necrotic lesions and which will not remains challeng-
ing. Several prognostic factors have been proposed, both
in the neonate”-® and in the fetus2=>, the latter based on
small series® or anecdotal descriptions of single cases®>.
The need to identify prognostic indicators in the fetus has
become more pressing over recent years for two reasons:
(1) the availability of endovascular techniques in conjunc-
tion with specialized perinatal intensive care management
have made VGAM a potentially curable condition®’; and
(2) the earlier recognition of fetal anomalies, including
late-onset ones such as VGAM, due to advancements in
ultrasound technology, may enable the identification and
delivery of cases that would otherwise deteriorate over
the last few gestational weeks prior to term. In the latter
scenario (delivery before term), it should be borne in mind

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

Brain damage (n/N (%))
Yes No P

Straight sinus dilatation 0.0099t

Yes (n=21) 10/21 (47.6) 11/21 (52.4)
No (n=17) 1/17 (5.9) 16/17 (94.1)
VGAM vol > 20000 mm?>* 0.0361
Yes (n=29) 12/29 (41.4) 17/29 (58.6)
No (n=13) 1/13 (7.7) 9/29 (31.0)
Tricuspid regurgitation 0.0012%
Yes (n=16) 11/16 (68.8)  5/16 (31.3)
No (n=33) 7/33 (21.2) 26/33 (78.8)
Aortic isthmus reversed flow 0.035¢
Yes (n=14) 6/14 (42.9)  8/14 (57.1)
No (n=15) 1/15 (6.7)  14/15 (93.3)

Brain damage defined as development of any kind of brain lesion
possibly related to VGAM. *Actual value according to
receiver—operating characteristics curve =19 807.1 mm?3. tFisher’s
exact test. $Chi-square test. vol, volume.

that early neonatal embolization attempts are associated
with a higher risk of death and complications*~14,

The present study has the strength of including a
substantial number of cases, all with prenatal diagnosis
and autoptic or postnatal confirmation and follow-up,
seen at two referral centers over a relatively limited
period, considering the rarity of the malformation:
17 years for Necker Hospital and 8 years for Gaslini
Hospital. Another advantage of this investigation is that
prenatal data included detailed fetal neurosonographic,
echocardiographic and MRI evaluation in all cases. A
limitation of the study is that survivors with severe neu-
rodevelopmental sequelae, neonatal deaths and late TOPs
were grouped under a single variable: poor outcome.
This was due to the need to reach a minimum number of
events to run the statistics, but we nonetheless believe that
all of these variables do indeed represent poor outcome

Ultrasound Obstet Gynecol 2017; 50: 192-199.
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Figure 4 Flowchart summarizing obstetric management of cases of vein of Galen aneurysmal malformation (VGAM) on basis of prenatal
ultrasound and magnetic resonance imaging (MRI) findings. *If VGAM volume (vol) > 40 000 mm?, consider early-term delivery. tIf late
termination of pregnancy is not performed. 3D, three-dimensional; CNS, central nervous system; N/A, not applicable; TR, tricuspid

regurgitation.

for fetuses/neonates with VGAM. Another limitation
concerns the fact that reversed aortic isthmus blood flow
was evaluated only over the last few years, which explains
why this parameter was lacking in 20/49 (40.8 %) cases.

In this study, we first tried to determine if any of the
prenatal variables entered in the model was significantly
associated with a poor prognosis. As evident from Table 6,
on univariate analysis, straight sinus dilatation, VGAM
volume > 20 000 mm? and tricuspid regurgitation were all
associated with poor outcome, but, on logistic regression
analysis, only VGAM volume > 20 000 mm? and tricuspid
regurgitation were significantly associated with a poor
outcome (Table 7). The results were similar using brain
damage, defined as development of any kind of brain
lesion possibly related to VGAM, as the dependent
variable (Tables 7 and 8), with tricuspid regurgitation
being the only variable to remain in the logistic regression
model with statistical significance.

Our results confirm that a fetus referred for
VGAM should undergo detailed neurosonography,
echocardiography and brain MRI. However, considering
that, currently, most fetal medicine units are equipped
with high-end 3D ultrasound equipment, and that
3D ultrasound provides volume calculation results
comparable to those of MRI (Figure 2), it seems
appropriate to base an initial prognostic evaluation
on ultrasound findings. Subsequent fetal brain MRI
to confirm VGAM volume and, more importantly, to
diagnose recent necrotic lesions that may have escaped
sonographic recognition, should then be performed. For

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

characterization of the malformation, its feeders and
straight-sinus involvement (Figure 1), 3D color/power
Doppler is a highly effective modality. However, it is
not reliable for volume calculation, because, in order to
obtain smooth-walled casts, it is necessary to prioritize the
color Doppler signal on the background grayscale, with
consequent overrepresentation of the hollow structures,
i.e. aneurysm and vessels. We therefore believe that 3D
color/power Doppler rendering may be used effectively
to assess the general architecture of the lesion but volume
calculation should be performed on the basis of 3D
grayscale datasets, if available, and MRI.

Another issue to consider is the intrauterine progression
of the lesion (Table 5 and Figure 3). In fact, in some
cases with a relatively early third-trimester diagnosis,
the lesions may progress over the weeks following
diagnosis prior to delivery, with consequent significant
deterioration of the prognosis. In our series, this occurred
in 5/49 (10.2%) cases. Considering that some cases may
still be detected late in pregnancy, it can be speculated
that the risk of prenatal progression might be even
higher than 10%. The small numbers prevent statistical
evaluation, but visual comparison of the mean VGAM
volume between four of the five cases of progression
(volume data were not available for the fifth case) and
the remainder of the series seems to suggest a cut-off of
40000 mm?> (40 mL) as the threshold over which the risk
of progression might be higher (Figure 3).

Based on the results of this study, we have derived a
diagnostic/prognostic flowchart (Figure 4). An important

Ultrasound Obstet Gynecol 2017; 50: 192-199.
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caveat is that the recommendation for delivery at 37 weeks
is based not on statistically proven data (only five cases
in our series showed prenatal progression), but on the
visual impression of Figure 3. It should also be noted
that, when severe brain lesions are identified on fetal
3D neurosonography and/or MRI, late TOP can be
considered in those countries in which this option is legal.

In conclusion, we have shown that, in cases of
fetal VGAM, major brain abnormalities/damage, tri-
cuspid regurgitation and, to a lesser extent, VGAM
volume >20000mm?> represent the only variables
significantly associated with a poor outcome, defined as
late TOP, neonatal death or severe postnatal sequelae.
Tricuspid regurgitation is also associated with an
increased risk of associated major brain lesions. A VGAM
volume > 40 000 mm?> appears to indicate a higher risk
of prenatal progression of the lesion, warranting planned
early delivery.
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ABSTRACT

Objective To quantify from the published literature sur-
vival and neurodevelopmental outcome of fetuses with
prenatally detected isolated severe bilateral ventricu-
lomegaly.

Methods MEDLINE, EMBASE and the Cochrane
Library were searched electronically. Only cases with a
prenatal diagnosis of apparently isolated severe ventricu-
lomegaly and postnatal neurodevelopmental assessment
were selected and included. Severe ventriculomegaly was
defined as enlargement of the ventricular atria, with a
diameter of greater than 15mm in the transventricular
plane. All cases in which the investigators were unable
to detect associated structural abnormality, chromosomal
abnormality or fetal infection, and in which the ventricu-
lomegaly was therefore regarded as apparently isolated,
were included. Those for which the etiology was identified
prenatally were excluded, whereas those with posinatal
identification of the underlying cause were not excluded,
since this information was not available prenatally. The
quality of the included studies was assessed using the
Newecastle—Ottawa Scale (NOS) for cobort studies. Preg-
nancy outcomes such as termination, stillbirth, neonatal
survival and developmental outcome of the baby, were
recorded. The degree of disability was classified as no,
mild or severe disability. Statistical assessment was per-
formed by meta-analysis of proportions to combine data,
weighting the studies using the inverse variance method
and a random-effects model. Proportions and Cls were
reported.

Results Eleven studies including 137 fetuses were found.
Twenty-seven pregnancies underwent termination and
were excluded. The remaining 110 fetuses with apparently
isolated severe ventriculomegaly for which continuation

of pregnancy was intended, form the study population.
Ovwerall quality assessed using NOS for cohort studies was
good. Survival was reported in 95/110 (pooled proportion
87.9% (95% CI, 75.6-96.2%)) cases. In 15/110 (pooled
proportion 12.1% (95% CI, 3.8-24.4%)), either stillbirth
or neonatal demise was reported. No disability was
reported in 41/95 survivors (pooled proportion 42.2%
(95% CI, 27.5-57.6%)). However, 17/95 showed
mild/moderate disability (pooled proportion 18.6% (95%
Cl, 7.2-33.8%)) and 37/95 were reported to have
severe disability (pooled proportion 39.6% (95% CI,
30.0-50.0%)).

Conclusions Four-fifths of fetuses with severe ventricu-
lomegaly survive and, of these, just over two-fifths show
normal neurodevelopment. The overall survivors without
disability account for more than one third of the total.
Given that many cases undergo termination of pregnancy
and require longer follow-up in order to detect subtle
abnormalities, mortality and prevalence of developmental
delay may be even higher than that reported in this paper.
Copyright © 2018 ISUOG. Published by John Wiley &
Sons Ltd.

INTRODUCTION

Ventriculomegaly is one of the most frequently diagnosed
abnormalities of the fetal central nervous system!. It is
defined as enlargement of the ventricular atria of more
than 10 mm, measured in the transventricular plane at the
level of the glomus of the choroid plexus, perpendicular
to the ventricular cavity, with positioning of the calipers
inside the echoes generated by the lateral walls®. Severe
ventriculomegaly is usually defined as enlargement of the
ventricular atria with a diameter of greater than 15 mm
in the transventricular plane, compared with mild to
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moderate ventriculomegaly, in which the atrium measures
10 to 15 mm?. The prevalence of severe ventriculomegaly
at birth is 0.3-1.5 per 1000 pregnancies®. It is frequently
challenging to identify antenatally and is worse in
cases with associated abnormalities, while the prognosis
depends strongly on the etiology®.

There are many publications on isolated mild or
moderate ventriculomegaly’. However, data on isolated
severe ventriculomegaly are scarce. Most often the
literature describes cases of severe ventriculomegaly
associated with extracranial abnormalities, leading to
poor outcome (livebirth rate 30-40%*%%). The high
mortality rate is partly due to the inclusion of terminations
of pregnancy, cephalocentesis and cases that were not
actively treated postnatally!?. Conversely, the pediatric
surgical literature reports high survival rates and low
rates of neurodevelopmental disability, with a 10-year
survival rate after surgery of 60% or more, and normal
intelligence in half of surviving patients'!. In the study
of Lumenta and Skotarczak!'?, normal development
is reported in 62.8% of children, while 29.8% had
mild developmental delay, and severe developmental
delay was reported in only 7.4%. After surgery, the
proportion of children with normal intelligence, measured
by IQ, was reported as being between 50 and 63%,
with integration into normal school for 60% of the
children!3.

In the series showing mainly poor prognosis
additional abnormalities were seen in the majority of
cases. The literature on neurodevelopmental outcomes of
isolated cases remains quite sparse'®, negatively impacting
on parental counseling and remaining for parents a source
of considerable anxiety!7-18,

The aim of this study was to collate published
data on survival and neurodevelopmental outcomes of
prenatally detected cases of apparently isolated severe
ventriculomegaly.

4,14,15
b

METHODS

Protocol, eligibility criteria, information sources
and search

We performed a systematic review following the recom-
mendations for systematic reviews and meta-analyses!' 2.
The search strategy was set up using a combination of
relevant medical subject heading (MeSH) terms, keywords
and word variants for ‘prenatal’, ‘diagnosis’, ‘ultrasound’,
‘severe ventriculomegaly’ and ‘neurodevelopment’. On
11 July and 24 August 2017, we searched MEDLINE,
EMBASE and the Cochrane Library including the
Cochrane Database of Systematic Reviews (CDSR),
Database of Abstracts of Reviews of Effects (DARE)
and The Cochrane Central Register of Controlled Trials
(CENTRAL). No language restrictions were applied. We
limited the search to the years 1990 and later, because
the diagnostic techniques (high-resolution ultrasound,
fetal magnetic resonance imaging (MRI), chromosomal
microarray analysis) were not widely available before

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd.
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then. No restrictions were applied in terms of study
design and size, except for case series, observational
studies and case reports of fewer than three cases, which
were excluded to minimize publication bias. Additional
relevant articles were identified by manual search in
the reference lists of the included publications. The
study was registered with the PROSPERO database
(http://www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42017048712, (registration number
CRD42017048712)).

Study selection, data collection and data items

Two independent reviewers (S.C. and A.K.A.) performed
the literature search and identified potentially relevant
papers. The abstracts were screened independently,
and relevant ones were selected for extraction of
the full-text articles. Relevant data were extracted,
potential inconsistencies were discussed by the authors
and consensus was reached by weighing arguments. In
instances in which the data of interest were not reported
explicitly by the authors of the papers, we contacted them
for clarification or additional details.

Study assessment and selection for inclusion were
performed according to the following criteria: popula-
tion, outcomes and study design. The inception cohort
was assembled at the time of prenatal detection of
ventriculomegaly, comprising cases for which the inten-
tion was to continue the pregnancy. Severe ventricu-
lomegaly was defined as an atrial measurement in the
transventricular plane of > 15 mm. Ventriculomegaly was
considered apparently isolated if the investigators were
unable to detect other cranial/extracranial structural
abnormality, chromosomal abnormality or fetal infec-
tion in the prenatal period. We excluded all non-isolated
cases for which the etiology was identified prenatally,
such as chromosomal abnormality, spina bifida, struc-
tural brain defect detected on ultrasound or MRI (e.g.
encephalocele, neuronal migration defect) and congenital
infections. We also excluded ventriculomegaly complicat-
ing monochorionic twin pregnancy owing to the high
likelihood that this was a consequence of placental
sharing.

Studies in which intrauterine treatment was performed
systematically were excluded, as these might have altered
the natural history of the disease and as the techniques
have not yet been standardized. Studies reporting only
on unilateral ventriculomegaly were also excluded a
priori. We included cases considered apparently isolated
in the prenatal period. Cases with postnatal identification
of an underlying cause were not excluded, since this
information had not been available prenatally. Pregnancy
outcome (termination/stillbirth), neonatal survival and
developmental outcome of the newborns were recorded.
Cases were not eligible for inclusion if ventriculomegaly
was detected only postnatally.

For assessment of the presence and degree of disability,
no limitations or restrictions were placed on the diagnostic
tools and/or duration of postnatal follow-up. The degree
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of disability was classified as no, mild or severe
disability. We reported the results obtained using the
tools for the assessment of neurodevelopment used by
the primary authors, seeking clarification from them
when necessary. Motor disability was classified as severe
when independent functioning of the individual was not
deemed possible. Sensorineural disability was considered
severe when the developmental assessment tool reported
it as such, or when attendance at mainstream school
was not deemed possible. Children who did not fit
into either the severe- or the no-disability category
were classified as mild/moderate cases. If information
on the specific clinical finding rather than specific degree
of the disability at postnatal follow-up was available,
the disability class was assigned based on the reported
information.

Risk of bias, summary measures and synthesis of results

The quality of the included studies was assessed
using the Newcastle—Ottawa Scale (NOS) for cohort
studies’’. NOS judges each study according to the
following categories: selection of the study groups,
comparability of the groups and ascertainment of the
outcome of interest. Selection of the study groups
is performed by evaluating the representativeness of
the exposed cohort, the selection of the non-exposed
cohort, ascertainment of exposure and demonstration
that the outcome of interest was not present at the
start of the study. Comparability of the groups is
assessed by evaluating the cohorts based on the design
or analysis. Ascertainment of the outcome of interest
includes evaluation of the assessment of the outcome
parameters, and the length and adequacy of follow-up.
A study can be awarded a maximum of one star for
each item within the selection and outcome categories,
and a maximum of two stars can be given for
comparability?!.

Statistical assessment was performed by meta-analyses
of proportions to combine data. The studies were
weighted by the inverse variance method for pooling.
Between-study heterogeneity was explored using forest
plots and was evaluated statistically using %, which
represents the percentage of between-study variation
that is due to heterogeneity rather than to chance??.
An I? of 0% indicates absence of heterogeneity,
while values of 50% or above suggest considerable
heterogeneity?3.

We used a random-effects model, since it is more
conservative and the observed heterogeneity was > 50%.
Statistical analysis was carried out using StatsDirect
3.1.8 (StatsDirect Ltd, Altrincham, UK). We did not use
either funnel plots or formal statistical tests to explore
publication bias; a total of 11 studies is not an adequate
number for interpreting funnel plots. Moreover, funnel
plots can be misleading for exploration of publication
bias, particularly when the number of studies is relatively
small?#,

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 1 Flowchart summarizing selection of studies reporting on
fetuses diagnosed prenatally with apparently isolated severe
ventriculomegaly (VM) found by searching MEDLINE, EMBASE
and the Cochrane Library. *Reasons for exclusion: all cases had
associated abnormalities (7 =2); all cases had mild to moderate
VM, but none had severe VM (7 = 1); data collection started before
1990 (7= 35); no antenatal information available (z=1); no
postnatal follow-up information (7 = 3); mild/moderate and severe
VM were pooled together and it was not possible to connect each
severe case with corresponding outcome (7 =7); intrauterine
treatments were performed systematically (7= 3).

RESULTS
Study selection and characteristics

A total of 448 possible citations were identified by the
initial electronic database search. After review of titles
and abstracts, 417 articles did not meet the inclusion
criteria and were excluded. Full-text manuscripts were
retrieved for the 31 publications that potentially met the
inclusion criteria. Two additional studies were identified
by manual searches of reference lists®!3. After analysis of
the full-text manuscripts, 22 studies that did not fulfill the
inclusion criteria were excluded. The remaining 11 articles
were finally included in the systematic review®13~17,25-31
(Figure 1).

Quality assessment of the included studies using the
NOS is shown in Table S1. The included studies had
an overall good quality for selection of groups and
ascertainment of the outcome of interest. Common
reasons for scoring low on quality assessment were cases
derived from high-risk populations and lack of description
of the outcome of individual cases. Follow-up varied
widely in the studies, ranging from 1 month to 18 years.
Several different tools for the assessment of neonatal
neurodevelopmental outcome were used, ranging from
self-rating questionnaires to standardized tests.
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All the data from the included articles, published
between 1999 and 2017, were collected over a time period
spanning 1990 to 2013. Almost all the studies reported
on ventriculomegaly in general, and included fetuses
with severe ventriculomegaly (atrial diameter > 15 mm).
We extracted information about apparently isolated
severe ventriculomegaly from them. Gestational age at
ultrasound assessment varied from 12 weeks to term.
General characteristics of the included studies are shown
in Table 1.

Carta et al.

Different developmental assessment tools were used
in each study (Table S2). Karyotype was assumed to
be normal if karyotyping was not performed before
or after birth, provided that the phenotype after birth
was normal. Data on infection screening, details of
ventriculoperitoneal shunt placement and postmortem
investigation were collected when available.

Four studies'>2¢=28 categorized outcome as one of
two degrees of severity of delay (normal or significant
abnormal, good or poor prognosis and normal or evident

Table 1 General characteristics of 11 studies reporting on fetuses diagnosed prenatally with apparently isolated severe ventriculomegaly

(VM), included in systematic review

Data collection GA at diagnosis Follow-up
Study period Study design (weeks) Definition of severe VM Definition of isolated VM (months)
Beke 1993-1996  Retrospective 27-36 Ventricular atria No evidence of associated 3-36
(1999)%° cohort study width > 15 mm in anomaly, aneuploidy,
transventricular US plane chromosomal abnormality,
structural malformation,
negative TORCH screening
reeze - etrospective - entricular atria ormal karyotype, -
B 2001-2005  Retrospecti 16-36  Ventricular atri Normal karyotype, TORCH 4-24
(2007)17 cohort study width > 15 mm in screening and FMAIT screening
transventricular US plane (offered to all patients), detailed
fetal US for anomalies by fetal
medicine subspecialist, MRI
(offered if potential influence on
parents’ decision-making
process)
Gaglioti 1990-2000  Retrospective 15-36 Ventricular atria Normal detailed US evaluation of 2-144
(2005)8 cohort study width > 15 mm in fetal anatomy, echo, karyotype,
transventricular US plane TORCH (offered to all patients)
Gezer 2007-2009  Retrospective 17-34 Ventricular atria No associated abnormality on US  up to 24
(2015)% cohort study width > 15 mm in and MRI investigations, no
transventricular US and evidence of chromosomal
MRI planes anomaly, confirmed after birth
Gezer 2007-2009  Prospective NR Ventricular atria No evidence of chromosomal 6-24
(2016)%8 cohort study width > 15 mm in anomaly or congenital infection,
transventricular US and normal first- and
MRI planes second-trimester screening
Graham 1994-1999  Retrospective 18-22 Ventricular atria Normal karyotype and detailed 1-36
p yotyp
(2001)%° cohort study width > 15 mm in anomaly scan, negative on
transventricular US plane infection screening (offered to all
patients)
Kennelly 2000-2008  Retrospective 18-36 Ventricular atria Normal fetal anomaly US 10-72
(2009)16 cohort study width > 15 mm in performed by fetal medicine
transventricular US plane subspecialist, echo, karyotype,
TORCH screening, screening for
alloimmune thrombo-
cytopenia, fetal MRI (offered to
all patients)
Letouze 1994-2011  Prospective 22-37 Ventricular atria Normal detailed US, MRI, 3-216
y p
(2017)3° cohort study width > 15 mm in karyotype, infection screening
transventricular US plane (offered to all patients)
Chu 2004-2013  Retrospective 18-36 Ventricular atria Normal detailed US, karyotype, 16-108
(2016)1 cohort study width > 15 mm in TORCH screening (offered to all
transventricular US plane patients)
Bar-Yosef 2010-2013  Prospective NR Ventricular atria Normal detailed US, karyotype, 18-36
(2017)31 cohort study width > 15 mm in TORCH screening (offered to all
transventricular US plane patients)
Weichert 1993-2007  Prospective 12-38 Ventricular atria Normal detailed US, MRI, aCGH, 1-151
p
(2010)26 cohort study width > 15 mm in genetic counseling, infection

transventricular US plane

screening (offered to all patients)

Only first author’s name given for each study. aCGH, array comparative genomic hybridization; echo, fetal echocardiography; FMAIT,
fetomaternal alloimmune thrombocytopenia; GA, gestational age; MRI, magnetic resonance imaging; NR, not reported; TORCH,
toxoplasmosis, other agent, rubella, cytomegalovirus, herpes; US, ultrasound examination.

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 2 Forest plot (random-effects model) showing incidence of death in fetuses with isolated severe ventriculomegaly detected antenatally
for each of 11 included studies and pooled for all studies. Pooled incidence was 12.1% (95% CI, 3.8-24.4%); I> = 63.7%. Size of boxes is

proportional to study sample size.

Table 2 Overview of meta-analysis of survival, disability and outcome as proportions of total number of included cases reported in 11
studies of fetuses diagnosed prenatally with apparently isolated severe ventriculomegaly

Death* Live birth/survived Total disability Normal ) Cases
included

Proportion Proportion Proportion Proportion in review TOP
Study n (95% CI) n (95% CI) n (95% CI) n (95% CI) (n) (n)t
Beke (1999)%° 0 0.0 (0.00-0.60) 4 1.00 (0.40-1.00 3 0.750(0.19-0.99) 1 0.250(0.01-0.81) 4 0
Graham (2001)% 0 0.0 (0.00-0.34) 9 1.00 (0.66-1.00 8 0.889(0.52-1.00) 1 0.111 (0.00-0.48) 9 0
Gaglioti (2005)8 3 0.273(0.06-0.61) 8 0.727(0.39-0.94 3 0.273(0.06-0.61) 5 0.455(0.17-0.77) 11 13
Breeze (2007)'7 0 0.0 (0.00-0.71) 3 1.00(0.29-1.00 3 1.00(0.29-1.00) 0 0.00 (0.00-0.71) 3 0
Kennelly (2009)' 7 0.412(0.18-0.67) 10 0.588(0.33-0.82 9 0.529(0.28-0.77) 1 0.059 (0.00-0.29) 17 1
Weichert (2010)26 0 0.0 (0.00-0.18) 19 1.00(0.82-1.00) 13 0.684 (0.43-0.87) 6 0.316(0.13-0.57) 19 7
Gezer (2015)%7 2 0.333 (0.04-0.78) 4 0.667(0.22-0.96 1 0.167(0.00-0.64) 3 0.500 (0.12-0.88) 6 1
Chu (2016)1 0 0.0 (0.00-0.37) 8 1.00(0.63-1.00 3 0.375(0.09-0.76) S5 0.625(0.24-0.91) 8 S
Gezer (2016)%8 3 0.273(0.06-0.61) 8 0.727(0.39-0.94 3 0.273(0.06-0.61) 5 0.455(0.17-0.77) 11 NR
Bar-Yosef (2017)3! 0 0.0 (0.00-0.98) 1 1.00(0.03-1.00 0 0.00(0.00-0.98) 1 1.000 (0.03-1.00) 1 0
Letouzey (2017)%° 0 0.0 (0.00-0.16) 21 1.00 (0.84-1.00 8 0.381(0.18-0.62) 13 0.619 (0.38-0.82) 21 NR
Total 15 0.121 (0.04-0.24) 95 0.879 (0.76-0.96) 54 0.499 (0.36-0.64) 41 0.367(0.23-0.52) 110 27

Only first author’s name given for each study. *Intrauterine death or neonatal demise. 1Cases of termination of pregnancy (TOP) were not

included in systematic review. NR, not reported.

psychomotor delay). We classified ‘significant abnormal’,
‘poor prognosis’ and ‘evident psychomotor delay’ as
severe disability. In one report!”, the authors described
the outcome with the actual clinical finding (hemiparesis,
impaired visual attention) rather than with a classified
degree of disability. This was recorded as severe disability
after obtaining clarification from the authors. Pregnancy
terminations were reported when available but excluded
from the calculation of survival rate.

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd.

Synthesis of results

Significant heterogeneity was found between the included
studies, with I> being above 50% for almost all
the outcomes analyzed, hence the decision for a
random-effects model. Heterogeneity was low for the
proportion of severe disability among survivors, but
the 95% CI was relatively wide (I>=4.2% (95% CI,
0-53.2%)).
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Figure 3 Forest plot (random-effects model) showing prevalence of normal neurodevelopment in surviving fetuses with isolated severe
ventriculomegaly detected antenatally for each of the 11 studies (number of cases per study shown in square brackets) and pooled for all
studies. Pooled prevalence was 42.2% (95% CI, 27.5-57.6%); I> = 54.7%. Size of boxes is proportional to study sample size.

Table 3 Overview of meta-analysis of disability and outcome in surviving fetuses reported in 11 studies of fetuses diagnosed prenatally with

apparently isolated severe ventriculomegaly

Normal Mild disability Severe disability Total disability
Proportion Proportion Proportion Proportion Survivors
Study n (95% CI) n (95% CI) n (95% CI) n (95% CI) (n)
Beke (1999)%° 1 0.250(0.01-0.81) 2 0.500(0.07-0.93) 1 0.250(0.01-0.81) 3  0.750 (0.19-0.99) 4
Graham (2001)% 1 0.111(0.00-0.48) 5 0.556(0.21-0.86) 3 0.333(0.07-0.70) 8 0.889 (0.52-1.00) 9
Gaglioti (2005)8 5 0.625(0.24-0.91) 1 0.125(0.00-0.53) 2 0.250(0.03-0.65) 3  0.375(0.09-0.76) 8
Breeze (2007)"7 0 0.00 (0.00-0.71) 2 0.667(0.09-0.99) 1 0.333(0.01-0.91) 3 1.00 (0.29-1.00) 3
Kennelly (2009)'¢ 1 0.100 (0.00-0.45) 4 0.400(0.12-0.74) 5§ 0.500 (0.19-0.81) 9 0.900 (0.55-1.00) 10
Weichert (2010)%¢ 6 0.316(0.13-0.57) 0 0.00 (0.00-0.18) 13  0.684(0.43-0.87) 13  0.684 (0.43-0.87) 19
Gezer (2015)%7 3 0.750(0.19-0.99) 0 0.00 (0.00-0.60) 1 0.250(0.01-0.81) 1  0.250(0.01-0.81) 4
Chu (2016)"° S 0.625(0.24-0.91) 0 0.00 (0.00-0.37) 3 0.375(0.09-0.76) 3  0.375(0.09-0.76) 8
Gezer (2016)?8 5 0.625(0.24-0.91) 0 0.00 (0.00-0.37) 3 0.375(0.09-0.76) 3  0.375(0.09-0.76) 8
Bar-Yosef (2017)3! 1 1.00 (0.03-1.00) 0 0.00 (0.00-0.98) 0 0.00 (0.00-0.98) 0 0.00 (0.00-0.98) 1
Letouzey (2017)3° 13 0.619 (0.38-0.82) 3 0.143(0.03-0.36) 5 0.238(0.08-0.47) 8 0.381 (0.18-0.62) 21
Total 41 0.422(0.28-0.58) 17 0.186 (0.07-0.34) 37 0.396 (0.30-0.50) 54 0.578 (0.42-0.72) 95

Only first author’s name given for each study.

Meta-analysis of proportions was performed and
forest plots were used to describe the rates of death,
survival and neurodevelopmental delay in isolated severe
ventriculomegaly. Individual results for each of the 11
studies included in the meta-analysis are provided in
terms of proportions and 95% ClIs, together with pooled
results for all studies, in which the size of the boxes is
proportional to the study sample size.

Data for 110 fetuses with apparently isolated prenatal
severe ventriculomegaly were available. Of these fetuses,
95 survived and 15 were stillborn or underwent neonatal
demise.

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd.

The pooled proportion of deaths accounted for 12.1%
(15/110) (95% CI, 3.8-24.4%) (Figure 2) while that of
survival was 87.9% (95/110) (95% CI, 75.6-96.2%)
(Table 2).

No disability was reported in 41/95 survivors (pooled
proportion 42.2% (95% ClI, 27.5-57.6%)) (Figure 3).
However, 17/95 showed mild/moderate disability (pooled
proportion 18.6% (95% CI, 7.2-33.8%)) (Figure S1)
and 37/95 were reported to have severe disability
(pooled proportion 39.6% (95% CI, 30.0-50.0%))
(Figure 4).
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Figure 4 Forest plot (random-effects model) showing prevalence of severe disability in surviving fetuses with isolated severe
ventriculomegaly detected antenatally for each of the 11 studies (number of cases per study shown in square brackets) and pooled for all
studies. Pooled prevalence was 39.6% (95% CI, 30.0-50.0%); I> =4.2%. Size of boxes is proportional to study sample size.

An overview of individual and pooled proportions of
the different outcomes is shown in Tables 2 and 3.

Additional anomalies were detected in nine (9.5%)
cases postnatally only. The details of the additional
anomalies are shown in Table S3. None of the
infants with postnatally detected anomalies was free of
disability.

DISCUSSION
Summary of evidence

We report on the outcome of children with prenatally
detected apparently isolated severe ventriculomegaly.
Survival without disability was seen in just over
one-third of cases. Although the initial diagnosis was
isolated severe ventriculomegaly, additional structural
abnormalities were detected postnatally in some. The
degree of information available about the postnatal
diagnosis of associated abnormalities was variable. Details
on number of patients affected and impact on outcomes
as well as postnatal confirmation of the absence of
associated abnormalities was available from only some
reports (Table S2). Additional anomalies were detected
postnatally in only nine (9.5%) cases, none of which was
without disability.

In cases of mild ventriculomegaly, the outcome is
favorable in the absence of an identifiable cause’.
However, once the ventriculomegaly becomes severe, the
outlook is unfavorable for the majority. The duration

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd.

of follow-up was variable (Table 1) and may impact on
the reported degree of disability. Subtle abnormalities
may not be uncovered until the child begins schooling.
Therefore, the prevalence of developmental delay may be
higher than that reported here.

The pediatric surgical literature reports that develop-
mental outcome following ventriculoperitoneal shunt for
obstructive hydrocephalus is normal in the large major-
ity of cases!>!3. The presumed underlying cause in those
patients is isolated obstruction to cerebrospinal fluid flow
in cases for which the other investigations are normal.
The results from the prenatal literature do not match
those reported in postnatal series. The most likely rea-
son for the disparity in the results is the selection
of children undergoing a surgical procedure. Obstruc-
tion to cerebrospinal fluid flow (aqueductal stenosis)
may be due to congenital or acquired reasons. The
results of this study suggest that the implications of
the two are vastly different, and that the outlook for
acquired aqueductal stenosis may be much more favor-
able than that of congenital lesions. It could also be
argued that children with severe ventriculomegaly who
are asymptomatic after birth (hence with a good progno-
sis) might never present for postnatal surgery. However,
it is highly unlikely that fetuses with prenatal detection
of severe ventriculomegaly would not be followed up.
On the other hand, pediatric surgeons do not see cases
too compromised to undergo surgery in their series, in
which case selection bias would work against antenatally
detected cases.
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Fetal MRI was not performed in every case. Many
of the cases that did undergo MRI investigation were
excluded from the analysis because of antenatal detection
of associated abnormalities. We did not investigate those
further, as this was beyond the scope of this paper.
Postnatally, additional abnormalities were found on MRI
in four of the 17 (23.5%) cases of mild and five of the 37
(13.5%) cases of severe developmental delay. It is difficult
to say if all the abnormal findings would have been
detected prenatally had fetal MRI been performed. Very
often, parental opposition to intervention is a deterrent
for prenatal investigation. The structural abnormalities
detected after birth are potentially detectable prenatally
on MRI. Therefore, we would recommend prenatal fetal
MRI in cases of severe ventriculomegaly to ascertain the
truly isolated cases. Similarly, not all parents chose to
undergo an invasive test. Chromosomal microarray anal-
ysis is capable of detecting known pathogenic alterations
in an additional 5% of cases, even when the conventional
karyotyping result is normal3?. This investigation has
only recently become available in clinical practice and
may not have been available for the series included in
this review. Also, fetal MRI is able to diagnose additional
brain abnormalities in 5% of cases’?, but only in the
last decade has it been introduced gradually as an
additional fetal central nervous system investigation.
Some of the apparently isolated cases may no longer
have been classified as isolated had they undergone chro-
mosomal microarray analysis, fetal MRI or appropriate
neurosonography according to the current standard
guidelines (International Society of Ultrasound in Obstet-
rics and Gynecology guidelines)>. However, these are
the reports of leading centers throughout the world, and
the results are a pragmatic representation of real-life
situations.

Strengths and limitations

We conducted a thorough search of the literature
in duplicate, according to prespecified inclusion and
exclusion criteria. We excluded case reports with fewer
than three cases in order to avoid publication bias.
Therefore, the results of the review are robust. Apparently
isolated severe ventriculomegaly is not a common
condition. A considerable proportion of pregnancies are
terminated, thus modifying the natural history. Both these
factors are responsible for the limited number of cases
on which this report is based. It is possible that cases
undergoing termination might have been the ones with
the most severe ventriculomegaly.

Table S2 displays the methods used to assess
neurodevelopment in the included studies. Some authors
referred to neuropediatric or pediatricians’ assessment
without additional details'>?®. Regardless of the method
used to define the degree of neurodevelopmental delay,
the focus of this systematic review was to identify cases
with normal outcomes. The state of normality should be
comparable between different studies, regardless of the
method of neurodevelopmental assessment.

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd.
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Implications for clinical practice and future perspectives

The prevalence of developmental delay reported in this
review may overestimate the real risk, given that not
all the cases of apparently isolated ventriculomegaly
were truly isolated after birth, and some of them had
associated abnormalities. Owing to parental choice and
the retrospective nature and availability of particular
investigations, not all cases underwent fetal MRI or tests
to assess chromosomal imbalance.

The association between additional abnormalities and
worse outcome is well known. It may be argued that
developmental delay may be related to the presence of
associated abnormalities rather than the ventriculomegaly
itself. However, the prevalence of developmental delay
remains high, even if cases of associated abnormalities
are excluded. There are no data to support the assertion
that developmental delay may be less frequent in ‘truly
isolated’ severe ventriculomegaly. The data contained in
this systematic review are currently the best evidence on
which to base parental counseling.

In conclusion, after excluding cases of termination
of pregnancy, approximately four out of five of all
fetuses with an antenatal diagnosis of apparently isolated
ventriculomegaly survive. There is a high (three out of
five) chance of neurodevelopmental delay in this group.
The overall probability of survival without disability is
41/110 (36.7% (95% CI, 23-52%)).
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

wll Table S1 Quality assessment of included studies according to Newcastle—Ottawa scale
Table S2 Developmental assessment tools adopted in 11 studies included in systematic review
Table S3 Missed associated abnormalities detected postnatally via postmortem or imaging

Figure S1 Forest plot (random-effects model) showing prevalence of mild to moderate disability among
surviving fetuses with antenatally detected isolated severe ventriculomegaly, individually for each of the 11
studies, and pooled for all studies. Pooled prevalence was 18.6% (95% CI, 7.2% to 33.8%; I> = 64%). Size of
the boxes is proportional to the study sample size.
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Desenlace de los fetos con diagnodstico prenatal de ventriculomegalia bilateral severa aislada:
revision sistematica y metaanalisis

RESUMEN

Objetivo Cuantificar, a partir de la literatura publicada, la supervivencia y el desenlace del desarrollo neurologico de
aquellos fetos con ventriculomegalia bilateral severa aislada detectada antes del parto.

Métodos Se realizaron buasquedas electronicas en MEDLINE, EMBASE y la Cochrane Library. Se seleccionaron e
incluyeron Gnicamente aquellos casos con diagnostico prenatal de ventriculomegalia severa aparentemente aislada y
evaluacion postnatal del desarrollo neurologico. La ventriculomegalia severa se definid como un agrandamiento del
atrio ventricular de mas de 15 mm de diametro en el plano transventricular. Se incluyeron todos los casos en los que
los investigadores no pudieron detectar anomalias estructurales asociadas, anomalias cromosomicas o infeccion fetal,
y en los que la ventriculomegalia fue considerada como aparentemente aislada. Se excluyeron los casos en los que la
etiologia subyacente se identificoO prenatalmente, mientras que aquellos cuya causa fue identificada postnatalmente no
fueron excluidos, ya que esta informacion no estaba disponible antes del parto. La calidad de los estudios incluidos se
evalu6 mediante la escala Newcastle-Ottawa (NOS, por sus siglas en inglés) para estudios de cohortes. Se registraron
los resultados del embarazo, como la interrupcion del mismo, el éxitus fetal, la supervivencia neonatal y el desenlace
del desarrollo del bebé. El grado de discapacidad se clasifico como ninguna, leve o severa. El método de evaluacion
estadistico para combinar los datos se realizo mediante un metaanalisis de proporciones, ponderando los estudios por
el método del inverso de la varianza y el modelo de efectos aleatorios. Se reportaron las proporciones y los IC.

Resultados Se encontraron once estudios que incluyen datos de 137 fetos. Se excluyeron veintisiete casos en los
que se decidio interrupcion del embarazo. La poblacion de estudio se compuso de los 110 fetos restantes con
ventriculomegalia severa aparentemente aislada para los que se esperaba la continuacion del embarazo. La calidad
general evaluada mediante la NOS para estudios de cohortes fue buena. La supervivencia se reportd en 95/110 casos
(proporcion combinada del 87,9% (IC 95%, 75,6—96,2%)). En 15/110 casos (proporcion combinada del 12,1% (IC
95%, 3,8-24,4%)) se reportd éxitus fetal o muerte neonatal. No se reporto discapacidad en 41/95 supervivientes
(proporcion combinada del 42,2% (1C 95%,27,5-57,6%)). Sin embargo, 17/95 casos mostraron una discapacidad leve
o moderada (proporcion combinada del 18,6% (IC 95%, 7,2-33,8%)) y en 37/95 casos se reportd una discapacidad
severa (proporcion combinada del 39,6% (IC 95%, 30,0-50,0%)).

Conclusiones Cuatro de cada cinco fetos con ventriculomegalia severa sobreviven y, de estos, mas de dos quintas partes
muestran un desarrollo neurologico normal. El total de los supervivientes sin discapacidad representa mas de un tercio
de los casos. Dado que muchos casos sufren una interrupcion del embarazo y requieren un seguimiento mas prolongado
para detectar anomalias sutiles, la mortalidad y la prevalencia del retraso en el desarrollo podrian ser incluso mayores
que las reportadas en este articulo.
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Physician Alert

Zika virus intrauterine infection causes fetal brain
abnormality and microcephaly: tip of the iceberg?

An unexpected upsurge in diagnosis of fetal and pediatric
microcephaly has been reported in the Brazilian press
recently. Cases have been diagnosed in nine Brazilian
states so far. By 28 November 2015, 646 cases had been
reported in Pernambuco state alone. Although reports
have circulated regarding the declaration of a state
of national health emergency, there is no information
on the imaging and clinical findings of affected cases.
Authorities are considering different theories behind the
‘microcephaly outbreak’, including a possible association
with the emergence of Zika virus disease within the region,
the first case of which was detected in May 20157,

Zika virus is a mosquito-borne disease closely related to
yellow fever, dengue, West Nile and Japanese encephalitis
viruses?. It was first identified in 1947 in the Zika Valley
in Uganda and causes a mild disease with fever, erythema
and arthralgia. Interestingly, vertical transmission to the
fetus has not been reported previously, although two cases
of perinatal transmission, occurring around the time of
delivery and causing mild disease in the newborns, have
been described?.

We have examined recently two pregnant women
from the state of Paraiba who were diagnosed with
fetal microcephaly and were considered part of the
‘microcephaly cluster’ as both women suffered from
symptoms related to Zika virus infection. Although
both patients had negative blood results for Zika virus,
amniocentesis and subsequent quantitative real-time
polymerase chain reaction*, performed after ultrasound
diagnosis of fetal microcephaly and analyzed at the
Oswaldo Cruz Foundation, Rio de Janeiro, Brazil,
was positive for Zika virus in both patients, most
likely representing the first diagnoses of intrauterine
transmission of the virus. The sequencing analysis
identified in both cases a genotype of Asian origin.

In Case 1, fetal ultrasound examination was performed
at 30.1 weeks’ gestation. Head circumference (HC) was
246 mm (2.6SD below expected value) and weight
was estimated as 1179g (21°* percentile). Abdominal
circumference (AC), femur length (FL) and transcranial
Doppler were normal for gestational age as was the
width of the lateral ventricles. Anomalies were limited
to the brain and included brain atrophy with coarse
calcifications involving the white matter of the frontal
lobes, including the caudate, lentostriatal vessels and
cerebellum. Corpus callosal and vermian dysgenesis and
enlarged cisterna magna were observed (Figure 1).

In Case 2, fetal ultrasound examination was performed
at 29.2 weeks’ gestation. HC was 229 mm (3.1 SD below

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

Figure 1 Case 1: (a) Transabdominal axial ultrasound image shows
cerebral calcifications with failure of visualization of a normal
vermis (large arrow). Calcifications are also present in the brain
parenchyma (small arrow). (b) Transvaginal sagittal image shows
dysgenesis of the corpus callosum (small arrow) and vermis (large
arrow). (c) Coronal plane shows a wide interhemispheric fissure
(large arrow) due to brain atrophy and bilateral parenchymatic
coarse calcifications (small arrows). (d) Calcifications are visible in
this more posterior coronal view and can be seen to involve the
caudate (arrows).

expected value) and estimated fetal weight was 1018 g
(19t percentile). AC was below the 3" percentile but FL
was normal. The cerebral hemispheres were markedly
asymmetric with severe unilateral ventriculomegaly,
displacement of the midline, thinning of the parenchyma
on the dilated side, failure to visualize the corpus callosum
and almost complete disappearance or failure to develop
the thalami. The pons and brainstem were thin and
continuous with a non-homogeneous small mass at the
position of the basal ganglia. Brain calcifications were
more subtle than in Case 1 and located around the lateral
ventricles and fourth ventricle. Both eyes had cataracts
and intraocular calcifications, and one eye was smaller
than the other (Figure 2).

In the meantime, in Paraiba state, six children
diagnosed with Zika virus were born to mothers who
were apparently symptomatic during pregnancy, all of
them with neonatal HC below the 10™ percentile.
Fetal neurosonograms showed two cases with cerebellar
involvement and three with brain calcifications. One had
severe arthrogryposis.

Intrauterine infections affecting the brain are relatively
rare; cytomegalovirus (CMV), toxoplasmosis, herpes
virus, syphilis and rubella are well known vectors of
fetal disease. Among the Flaviviruses there have been only
isolated reports linking West Nile encephalitis virus to
fetal brain insults’.
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Figure 2 Case 2: (a) Anterior coronal view shows severe
asymmetric ventriculomegaly with cystic formation (arrow).

(b) Posterior horn of the lateral ventricle (LV) in coronal view is
dilated. Note calcifications in the fourth ventricle (arrows). (¢) The
thalamus is absent (arrow) and the brainstem and pons are thin and
difficult to visualize (sagittal view). (d) Axial view shows
calcifications in both eyes (arrows). Note that the proximal eye is
very small and lacks normal anatomic landmarks.

The presence of calcifications was suggestive of an
intrauterine infection but severe damage of the cerebel-
lum, brainstem and thalami is rarely associated with
intrauterine infection. Both cases showed some similari-
ties to CMV cases but with a more severe and destructive
pattern and they lacked the nodules characteristic of
toxoplasmosis. Interestingly, the reported case of fetal
West Nile virus infection has similar characteristics’.

It is difficult to explain why there have been no fetal
cases of Zika virus infection reported until now but this
may be due to the underreporting of cases, possible early
acquisition of immunity in endemic areas or due to the
rarity of the disease until now. As genomic changes in the
virus have been reported®, the possibility of a new, more
virulent, strain needs to be considered. Until more cases
are diagnosed and histopathological proof is obtained,
the possibility of other etiologies cannot be ruled out.

As with other intrauterine infections, it is possible that
the reported cases of microcephaly represent only the
more severely affected children and that newborns with
less severe disease, affecting not only the brain but also
other organs, have not yet been diagnosed.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd.

If patients diagnosed in other states are found to be
seropositive for Zika virus, this represents a severe health
threat that needs to be controlled expeditiously. The
Brazilian authorities reacted rapidly by declaring a state of
national health emergency. As there is no known medical
treatment for this disease, a serious attempt will be needed
to eradicate the mosquito and prevent the spread of the
disease to other Brazilian states and across the border’.

A.S. Oliveira Melot, G. Malinger™*t,

R. Ximenes§, P. O. Szejnfeld], S. Alves Sampaio** and
A. M. Bispo de Filippis™*

tInstituto de Pesquisa Professor Joaquim Amorim Neto
(IPESQ), Instituto de Saiide Elpidio de Almeida (ISEA),
Campina Grande, Brazil; tDivision of Ultrasound in
Obstetrics & Gynecology, Lis Maternity Hospital,

Tel Aviv Sourasky Medical Center, Sackler Faculty of
Medicine, Tel Aviv University, Tel Aviv, Israel;

§Fetal Medicine Foundation Latinamerica — FMFLA,
Centrus — Fetal Medicine, Campinas, Brazil;

QIEIDI - Fundacao Instituto de Ensino e Pesquisa em
Diagndstico por Imagem, Departamento de Diagndstico
por Imagem -DDI- UNIFESP, Escola Paulista de
Medicina, Universidade Federal de Sao Paulo, Sao Paulo,
Bragzil; **Laboratdrio de Flavivirus, Instituto Oswaldo
Cruz — FIOCRUZ, Rio de Janeiro, Brazil
*Correspondence.

(e-mail: gmalinger@gmail.com)

DOI: 10.1002/uo0g.15831

References

1. Campos GS, Bandeira AC, Sardi SI. Zika Virus Outbreak, Bahia, Brazil. Emerg Infect
Dis 2015; 21: 1885-1886.

2. loos S, Mallet HP, Leparc Goffart I, Gauthier V, Cardoso T, Herida M. Current Zika
virus epidemiology and recent epidemics. Medecine et maladies infectieuses 2014; 44:
302-307.

3. Besnard M, Lastere S, Teissier A, Cao-Lormeau V, Musso D. Evidence of perinatal
transmission of Zika virus, French Polynesia, December 2013 and February 2014.
Euro Surveill 2014; 19.

4. Lanciotti RS, Kosoy OL, Laven JJ, Velez JO, Lambert AJ, Johnson AJ, Stanfield SM,
Duffy MR. Genetic and serologic properties of Zika virus associated with an epidemic,
Yap State, Micronesia, 2007. Emerg Infect Dis 2008; 8: 1232-1239.

5. Centers for Disease Control and Prevention (CDC). Intrauterine West Nile
virus infection--New York, 2002. MMWR Morb Mortal Wkly Rep 2002; 51:
1135-1136.

6. Faye O, Freire CC, lamarino A, Faye O, de Oliveira JV, Diallo M, Zanotto PM, Sall
AA. Molecular evolution of Zika virus during its emergence in the 20(th) century.
PLoS Negl Trop Dis 2014; 8: €2636.

7. Goenaga S, Kenney JL, Duggal NK, Delorey M, Ebel GD, Zhang B, Levis SC,
Enria DA, Brault AC. Potential for Co-Infection of a Mosquito-Specific Flavivirus,
Nhumirim Virus, to Block West Nile Virus Transmission in Mosquitoes. Viruses 2015;
7:5801-5812.

Ultrasound Obstet Gynecol 2016; 47: 6-7.



	1_Suggested reading
	2_CNS sonographic exam (ISUOG guidelines 2007)
	3_CSP in pACC (UOG abstract 2017)
	4_Fetal MRI (ISUOG guidelines 2017)
	5_Inferior vermian hypoplasia (UOG editorial 2014)
	6_Isolated SEPC (UOG abstract 2015)
	7_Microcephaly diagnosis in utero (UOG abstract 2016)
	8_Microcephaly+biometry (UOG editorial 2016)
	9_Posterior fossa malformations, part 1 (UOG abstract 2016)
	10_Posterior fossa malformations, part 2 (UOG abstract 2016)
	11_Posterior fossa, early anomalies (UOG abstract 2016)
	12_Thick corpus callosum (UOG abstract 2016)
	13_Vein of Galen (UOG abstract 2017)
	14_Ventriculomegaly (UOG abstract 2018)
	15_Zika virus (UOG physician alert 2016)

